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GENERAL INTRODUCTION AND OUTLINECHAPTER 1
Trauma, defined as a physical injury, is a global public health problem and is a leading cause 
of death among young adults1-4. It is estimated that trauma accounts for 9% of the world’s 
deaths, of which road injury, self-harm, falls and interpersonal violence were the major 
causes1,2. This is only a small fraction of those suffering trauma, because the majority of 
trauma patients survives and often suffer temporary or permanent disabilities2,5. Besides, 
trauma is associated with high medical and societal costs6,7. In the Netherlands, the total 
costs of injuries were €3.5 billion annually7.
The trauma population is a heterogeneous group of patients. Patients suffer from many 
different injury patterns, in both severity and body region, and are from various age groups. 
Besides, mechanism of injury (e.g. fracture or bleeding) or type of accident (e.g. road traffic 
accident, traffic, violence) can be divers.
Prediction models
Researchers have growing interest in predicting outcome after injury. The number of 
publications about outcome prediction in medicine to help care givers improve the quality 
of care increased the last decade11. Patient and injury characteristics can be combined in 
one model to predict outcome after trauma12. These prediction models can be valuable for 
medical research purposes and for medical practice, e.g. for health care providers, health 
insurers, researchers and policymakers13. The models can compare outcomes to support 
evaluation of quality of care between populations, hospitals, regions or countries and are 
often applied on population-based data. Besides, prediction models can target the individual 
patient who is in need for intervention. It can help with decision-making and could give 
information that can be useful for communication among physicians and patients.
Evaluation of trauma care
Trauma care has a long tradition of quality assessment, based on the comparison of mortality 
rates between institutions. It is meaningless to compare crude mortality rates between 
institutions without adjustment for its’ patient population because it could influence the 
outcome after injury. For example, injury severity is a well-known risk factor of mortality after 
injury14-16. A hospital that mainly treats severely injured patients is expected to have a higher 
mortality rate compared to a hospital that only treats patients with minor injury. Patient and 
injury characteristics can be included in prediction models to account for these differences.
A well-known instrument to compare patient outcomes among institutions is the Trauma 
Score and Injury Severity Score (TRISS) and was introduced in 19879,17. The TRISS combines 
age, and anatomical and physiological variables to predict patient probabilities of survival 
(Ps)18. The sum of these probabilities for all patients admitted to the hospital is compared 
to the actual observed survival rate of those patients. A higher Ps compared with the actual 
observed survival indicates the number of excess survivors that would be achieved if the 
study center treated identically the same population as the reference population19.
Medical practice in trauma care
In personalized medicine, prediction models could predict which patients are at high risk for 
poor outcome based on baseline characteristics20. These risk profiles could be the starting 
point for the development of specific clinical, psychological and functional programs for 
these high-risk patients to improve their outcome, reduce costs and to permit patients 
to return to society. The models aim to assist clinicians to provide the best medical care21. 
To be applicable, these models should have accurate outcome predictions and should be 
relatively easy to use in medical practice20.
The Dutch Trauma Registry
As part of the inclusive trauma care system, the Dutch Trauma Registry (DTR) was introduced 
in 2007 to measure and improve the quality of trauma care in the Netherlands8. The DTR 
was based on the Major Trauma Outcome Study (MTOS) from the United States8,9. The 
DTR collects characteristics of the patient and the injury, admission related variables 
and outcome of all patients who are admitted to a hospital within 48 hours after trauma. 
Patients who were dead on arrival at the hospital were not registered in the DTR. Next to all 
variables from the MTOS, prehospital data was added to the registry and patients with short 
admissions or isolated hip fracture were included, creating a MTOS+ database8. In 2014, 
the database was extended with extra variables, e.g. pre-injury physical status, to comply 
with the Utstein template for international uniform reporting of data following trauma10. 
In 2017, approximately 79.000 patients were hospitalized and registered in the DTR due 
to trauma8. The mortality rate in the Netherlands is 2%, indicating that 98% of the trauma 
population survives.
Challenges in outcome prediction
The trauma registry provide a useful resource to study adverse effects and to predict 
outcome after injury. However, there are some challenges associated with outcome 
prediction after injury; i.e. case-mix differences, outcome measurement and data quality.
Case-mix differences
Many developed countries implemented nationwide trauma registries, but differences in 
trauma populations and injury characteristics between countries are distinct (i.e. case-
mix). Differences in population, mechanism of trauma (blunt or penetrating), distance to 
the hospital, hospital treatment, inclusion criteria of the registry and health insurance 
status could all be reasons for differences in outcome. Those differences make outcome 
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comparison between countries ambiguous; are the differences in outcome explained by 
better quality of trauma care or by the differences in case-mix?
Another difference in case-mix is in the inclusion of patients with isolated hip fractures in 
the DTR. In 2017, more than 17,000 patients were admitted to a Dutch hospital due to an 
isolated hip fracture8. In line with Bergeron et al. (2005)22, the DTR includes the extensive 
group of elderly patients with an isolated hip fracture. In contrast, others argue that elderly 
with an isolated hip fracture should be excluded or, at least, be analyzed separately because 
those elderly significantly influence the outcome23,24. To cover all trauma related injuries, it 
is preferable to include this subset if outcome predictions are accurate. Especially because 
it is expected that the number of elderly patients with a hip fracture will increase in the 
following years due to the ageing population.
Data quality
Trauma registries often have missing data, especially for physiological variables, i.e. in 2017 
respiratory rate was missing in 41% of the cases and systolic blood pressure was missing in 
23% of the cases8. Excluding cases with missing data can lead to biased results if those cases 
differ from the complete cases31. Although multiple imputation is a well-known strategy to 
deal with the problem of missing data, it is not yet fully established in trauma registries32,33.
In addition, some well-known prognostic factors for poor non-fatal outcome after trauma 
(e.g. frailty and comorbidities34-38) are not readily available from the trauma registry or 
electronic medical files. These variables could not be incorporated in the prediction models 
or should manually be collected. Collection of those additional variables from all trauma 
patients is labor-intensive and could therefore be a costly procedure. Furthermore, uniform 
reporting of these additional variables should be established, to avoid methodological 
differences in grading between registries10,39.
Outcome measurement
In countries with advanced health care, mortality rates after trauma decreased the past 
decades. The focus on trauma outcome has been, next to fatal outcome, complemented 
with non-fatal consequences, such as physical, psychological and social functioning after 
trauma2,25,26. For example, a young man with minor brain injury has a low risk of mortality, but 
has a high risk of short- and long-term impaired functional status, memory and concentration 
problems27-30. Quality of care assessment should be elaborated with innovative non-fatal 
prediction models to further evaluate and improve the quality of trauma care.
Non-fatal outcome measurement
Non-fatal outcome after injury can be measured with a prospective cohort design, in which 
outcome can be assessed with questionnaires at certain follow-up time points. Although 
several prospective cohort studies on non-fatal outcome after trauma were conducted, few 
of them were based on the total clinical trauma population, independent of severity or body 
region of injury, included both short- and long-term outcome and included a comprehensive 
outcome assessment40-45.
The Brabant Injury Outcome Surveillance (BIOS) study46 is a large prospective longitudinal 
cohort study. The BIOS-study included all adult trauma patients (≥18 years) who were 
admitted to the emergency department or ward in a hospital in Noord-Brabant, a region 
in the Netherlands, from August 2015 through November 2016. The BIOS-study assessed 
health related quality of life, psychological, social and functional outcome, and costs after 
injury. Data was collected by self-reported questionnaires at one week, and one, three, six, 
twelve and twenty-four months after injury. Injury characteristics were extracted from the 
DTR. Results from the BIOS-study are presented in Part II of this thesis.
Aim and outline of the thesis
The main aim of this thesis is to evaluate, develop and validate models for predicting fatal and 
non-fatal outcome after trauma in the Netherlands. The aim of this thesis is operationalized 
according to the following objectives, divided in two parts:
I.      How can we improve and utilize prediction models for fatal outcome after trauma?
a. Which outcome prediction models are available for the evaluation of trauma care?
b. Are predictions from the TRISS model valid for the evaluation of quality of trauma 
care in the clinical Dutch trauma population?
c. How could predictions from the TRISS model be improved for the evaluation of 
quality of trauma care? 
II.     To what extent can we predict non-fatal outcome after trauma?
a. What are prognostic factors for health status after trauma?
b. What are prognostic factors for psychological distress after trauma?
c. What are prognostic factors for medical costs and return to work after trauma?
Part I (Chapter 2-5) describes the prediction of fatal outcome for the evaluation of quality of 
trauma care in the Netherlands (Figure 1). Chapter 2 describes existing mortality prediction 
models for the general trauma population and the methodological quality of these models, 
and determined which variables are most relevant for the model prediction of mortality. 
The influence of simple imputation models on outcome comparison for the relatively high 
proportions of missing physiological values was demonstrated in Chapter 3. The prognostic 
ability of the current TRISS model was assessed in subsets of the clinical Dutch trauma 
population (chapter 4). The subsets represent groups of patients that challenge trauma 
centers; e.g. elderly, children, traumatic brain injury, major trauma, longer length of stay in 
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hospital and admission to a trauma center level I. In chapter 5 a modified TRISS model was 
developed and validated for accurate survival prediction in the ageing trauma population.
Part II (Chapter 6-10) describes the prediction of non-fatal outcomes after trauma (Figure 
1). Chapter 6 assessed the predictive ability of the functional capacity index for health status 
and assessed the possibility to incorporate multiple injuries into one functional capacity 
score. Innovative prediction models for health status were developed for the evaluation of 
quality of trauma care (Chapter 7). Chapter 8 assessed prognostic factors for poor health 
status in the first year after trauma and identified high-risk groups for poor health status. 
Chapter 9 describes prevalence and prognostic factors for psychological distress among 
the clinical trauma population in the first year after trauma. Prediction models for medical 
costs, productivity costs and return to work were assessed and described in chapter 10.
The general discussion (Chapter 11) provides answers to the research questions and 
summarizes the main findings of this thesis. Furthermore, recommendations for future 
research and practical implications are discussed.
FIGURE 1. Outline of this thesis according to the injury pyramid; the relative numbers of fatal 
and non-fatal injuries1.
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PREDICTION OF FATAL OUTCOME AFTER TRAUMA
PART 1
2
MORTALITY PREDICTION MODELS IN THE GENERAL 
TRAUMA POPULATION: A SYSTEMATIC REVIEW
L de Munter, S Polinder, KWW Lansink, MC Cnossen, 
EW Steyerberg, MAC de Jongh
Injury. 2017;48(2):221-229.
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ABSTRACT
Background Trauma is the leading cause of death in individuals younger than 40 years. 
There are many different models for predicting patient outcome following trauma. To our 
knowledge, no comprehensive review has been performed on prognostic models for the 
general trauma population. Therefore, this review aimed to describe (1) existing mortality 
prediction models for the general trauma population, (2) the methodological quality and 
(3) which variables are most relevant for the model prediction of mortality in the general 
trauma population.
Methods An online search was conducted in June 2015 using Embase, Medline, Web of 
Science, Cinahl, Cochrane, Google Scholar and PubMed. Relevant English peer-reviewed 
articles that developed, validated or updated mortality prediction models in a general 
trauma population were included.
Results A total of 90 articles were included. The cohort sizes ranged from 100 to 1,115,389 
patients, with overall mortality rates that ranged from 0.6% to 35%. The Trauma and Injury 
Severity Score (TRISS) was the most commonly used model. A total of 258 models were 
described in the articles, of which only 103 models (40%) were externally validated. Cases 
with missing values were often excluded and discrimination of the different prediction 
models ranged widely (AUROC between 0.59 and 0.98). The predictors were often included 
as dichotomized or categorical variables, while continuous variables showed better 
performance.
Conclusion Researchers are still searching for a better mortality prediction model in 
the general trauma population. Models should 1) be developed and/or validated using an 
adequate sample size with sufficient events per predictor variable, 2) use multiple imputation 
models to address missing values, 3) use the continuous variant of the predictor if available 
and 4) incorporate all different types of readily available predictors (i.e., physiological 
variables, anatomical variables, injury cause/mechanism, and demographic variables). 
Furthermore, while mortality rates are decreasing, it is important to develop models that 
predict physical, cognitive status, or quality of life to measure quality of care.
BACKGROUND
Trauma is the leading cause of death in individuals younger than 40 years, resulting in more 
than 5 million deaths annually1. Survival status, which includes in-hospital mortality and 
30-day mortality, is a commonly used outcome measure for evaluating the quality of trauma 
care. Outcome measurement can be performed using a comparison between observed and 
expected mortality rates. Expected mortality is measured by prediction modelling. However, 
it is meaningless to compare crude mortality rates without an adjustment for the differences 
in patient populations since outcome is largely dependent on patient characteristics, such 
as injury severity2. The heterogeneity of the trauma population makes it difficult to apply 
one accurate model for both minor and major injuries while also being applicable to all age 
groups.
Many different models were developed in previous decades to predict mortality or survival 
in trauma patients3-6. A frequently used and cited model is the Trauma and Injury Severity 
Score (TRISS)3. This prediction model is based on age, anatomical (Injury Severity Score 
[ISS]) and physiological (coded Revised Trauma Score [RTS]) variables and uses different 
coefficients for blunt and penetrating injuries. The ISS incorporates the sum of all squared 
Abbreviated Injury Scale (AIS) values of the three most severely injured areas. The coded 
RTS is the weighted sum of the Glasgow Coma Scale (GCS), the systolic blood pressure (SBP) 
and the respiratory rate (RR). The weights for the variables in the TRISS are derived from 
data based on trauma populations. Newly developed models incorporate other or revised 
predictors (e.g., comorbidities and different categories for age4,6 or blood pressure5).
Systematic reviews have previously been conducted for prognostic models of trauma7-11. 
However, the reviews focused solely on specific predictive measures and traumatic injuries 
or excluded widely used models. To our knowledge, no comprehensive review has been 
performed on all prognostic models or incorporated all relevant predictive measures for 
both the general and heterogeneous trauma populations.
The aim of this review is to describe (1) the existing mortality prediction models for the 
general trauma population, (2) the methodological quality and (3) which variables are most 
relevant for the model prediction of mortality in the general trauma population.
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METHODS
Search strategies
The databases Embase, Medline, Web of Science, Cinahl, Cochrane, Google Scholar and 
PubMed were searched for eligible articles in June 2015. With the assistance of a librarian, 
search strategies were developed using a combination of text words and subheadings that 
were matched to specific index terms of the database (Supplemental File 1). To identify other 
potentially relevant articles, references of the included articles were evaluated. Duplicates 
were removed by the reference management database RefWorks Write-N-Cite 4.2.
Inclusion and exclusion criteria
Articles that developed and/or validated a prediction model in the general clinical trauma 
population with mortality as an outcome measure were included. In this review, a prediction 
model was defined as a combination of at least two variables that predicted mortality. The 
general trauma population referred to all patients admitted to a hospital because of an injury 
due to an external cause. Last, included articles were required to have been published in 
scientific peer-reviewed English language journals up to June 2015. The exclusion of patients 
with low injury severity in the literature was not considered exclusionary criteria in this 
review because patient groups remained heterogeneous, with a large variety of injuries.
Articles that focused only on mortality within 24 hours after injury, those with specific age 
cohorts, or those with specific anatomical injuries were excluded.
Data screening and extraction
The first review investigator (LM) screened all titles and abstracts and excluded all articles 
that obviously met exclusionary criteria. After this selection, two reviewers (LM and MJ) 
independently screened the full text of the remaining manuscripts. Possible differences in 
opinion were resolved by discussion or consulting a third author (KL). The search process 
was documented according to the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) Flow Diagram12 (Figure 1).
Data extraction was completed by one investigator (LM), and the data and decisions were 
verified by a second investigator (MJ). Any discrepancies were resolved by discussion with a 
senior member of the investigative team (KL). Information on the study population, outcome 
measures and modelling modalities was extracted (See Supplemental File 2).
Next, the performance of a prognostic model was assessed according to calibration 
(agreement between observed outcomes and predicted risks), discrimination (classification 
of patients with or without the outcome), and overall performance (distance between 
predicted and actual outcome)13. Common measures included the Hosmer-Lemeshow H 
or C goodness-of-fit statistics (H-L) for calibration and the area under the receiver operating 
characteristic curve (AUROC) for discrimination. If AUROC=1, the discrimination of the model 
was perfect, while an AUROC of 0.5 would indicate a chance occurrence.
FIGURE 1. PRISMA Flow Diagram showing the selection of articles for mortality prediction 
models in a general trauma population.
Quality assessment
Hayden et al. (2006)14 described six areas for potential bias for prognostic studies: study 
participation, study attrition (e.g., response rate, reasons for loss to follow-up), prognostic 
factor measurement, confounding measurement, outcome measurement, and analysis. 
In 2014, a Checklist for Critical Appraisal and Data Extraction for Systematic Reviews of 
Prediction Modelling Studies (CHARMS) was proposed15. CHARMS captures ten areas of 
potential bias for prognostic studies: source of data, participants, outcome to be predicted, 
candidate predictors, sample size, missing data, model development, performance 
and evaluation, and results. Both assessment tools require further evaluation and 
improvement14,15. The two assessment frameworks were combined, and the issues that 
were considered essential to our review were extracted, including the size of the study, the 
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rate of mortality, and the handling of missing values as well as whether the article described 
model development, validation or updating (See Supplemental File 2).
The quality assessment was primarily completed by the first investigator (LM) and secondarily 
examined by a second investigator (MJ).
Data analysis
All articles were included in the data analysis; when the same cohort was used in multiple 
articles, it was included in the analysis regardless of the methodological quality of both the 
article and the models. Due to substantial heterogeneity between study populations, it was 
not reasonable to perform a formal meta-analysis.
Predictors of the models were separated into four categories (i.e., anatomical, physiological, 
and demographic variables, and injury cause or mechanism). An additional category was 
created for predictors that could not be partitioned into these categories (Supplemental 
File 2).
FIGURE 2. The number of included articles in this review according to the year the articles 
were published.
RESULTS
Search results
From the initial search, 8879 articles were identified. After the exclusion of duplicates and 
those articles that did not meet inclusionary criteria based on their titles and abstracts, 
293 full text articles were assessed. A total of 96 articles were excluded because they 
lacked the development or validation of a mortality prediction model, 6 were excluded 
because they contained specific age-groups, 93 focused on a specific anatomical injury, 4 
were excluded because they were limited to outcomes within a 24-hour period, and 4 were 
excluded because they were not written in English. Thus, 90 articles were included in the 
current review (Figure 1).
Study characteristics
The 90 included articles were conducted between 1990 and 2015 (Figure 2), with most of 
the articles published after the year 2000.
The majority of the articles were conducted in North America (N=42, 47%) and Europe (N=25, 
28%) (Table 1). Three articles (3%)16-18 did not mention the age boundaries of the included 
patients. Most articles (N=46, 51%) included patients of all ages in their study; however, 
37 articles (41%) excluded patients younger than 18 years of age, and 4 articles (4%)2,19-21 
excluded patients <1 year of age.
Twenty-eight articles (31%) defined mortality as an outcome measurement without 
further specification of mortality. In-hospital mortality was studied in 51 articles (57%), 
while 10 articles (11%) studied 30-day mortality. Most articles included all trauma patients, 
independent of ISS or NISS (N=75, 83%), but 6 articles (7%) only included patients with an 
ISS>10 up to an ISS>16.
Models
The basic TRISS model was externally validated in 43 articles (Supplemental File 2). There 
were 112 TRISS-based models that were developed, validated or updated in 58 articles. 
The TRISS-model incorporated RTS, age as a dichotomous variable, ISS, and mechanism 
of injury. Variation in the traditional age identified in TRISS scoring that was included as 
either a continuous variable or anatomical variable was replaced with either the NISS or the 
International Classification of Disease-9 based ISS (ICISS). ICISS was used twelve times in 8 
articles and often incorporated age as a continuous or categorical variable.
The Acute Physiology and Chronic Health Evaluation (APACHE) was used nine times (9 
articles) and incorporated the Acute Physiological Score (APS), age, and the chronic health 
score. Age was most often included as a categorical variable, and ISS was added once as an 
additional variable to the APACHE model to predict mortality22.
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TABLE 1. Study characteristics of the included articles.
Study characteristics N (%) References
Country
North-America 42 (46.7) 2,4,18,20-58
Europe 25 (27.8) 4,6,16,17,19,59-78
Asia 10 (11.1) 79-88
Oceania 7 (7.8) 89-95
Africa 4 (4.4) 96-99
Two or more countries 2 (2.2) 100,101
Age
≥1 year 4 (4.4) 2,19-21
>12 to 18 years 37 (41.1) 4,23,24,26,32,34-36,40,41,48-52,61,62,66,67,69,71,73-77,82,87,88,91,92,95-97,99-101
All 46 (51.1) 6,22,25,27-31,33,37-39,42-47,53-60,63-65,68,70,72,78-81,83-86,89,90,93,94,98,102
Unknown 3 (3.3) 16-18
Patient Sample size
<2500 35 (38.9) 16,17,25,27-37,59,60,63,65-72,82-84,89-92,96,98,102
2500-7500 18 (20.0) 4,6,19,38-42,61,73,79,85,86,93,95,97,99,101
>7500 29 (32.2) 2,18,20-24,26,43-57,62,74,75,87,88,94
Multiple sets with 
different sample sizes
8 (8.9) 58,64,76-78,80,81,100
Outcome
In-hospital mortality 51 (56.7)
2,4,16,18-21,23-25,29,32-37,40,42,43,45-48,50-55,57,58,61,68-
70,73,76,77,79,80,84,87,89,90,92-97
30-day mortality 10 (11.1) 6,17,30,62-64,74,75,82,101
4-week mortality 1 (1.1) 66
Unknown 28 (31.1) 22,26-28,31,38,39,41,44,49,55,59,60,65,67,71,72,78,81,83,85,86,88,91,98-100,102
Mortality rate
<5% 15 (16.7) 2,20,21,30,42,46,62,74,76,78,85,90,92,96,98
5-10% 34 (37.8) 4,6,18,22-24,26,29,31,33,34,38-41,44,48-53,55-58,64,70,75,86,94,99-101
>10% 32 (35.6) 16,17,19,27,32,33,35-37,45,59-61,63,65-69,71,72,79,82-84,87,88,91,93,95,97,102
Combination (validation 
and development set) 6 (6.7)
28,43,77,80,81,89
Unknown 3 (3.3) 25,47,73
Model
Development 15 (16.6) 18-21,27,29,40,41,46,51,52,54,58,88,94
Validation 25 (27.8) 32,33,37-39,44,48,53,55,63,66-68,70,72,75,77,82,84,91,96-99,102
Both 49 (54.4)
2,4,6,16,17,22-26,28,30,31,34-36,39,42,43,47,49,50,55,57,59-62,64,65,69,71,73,74,76,78-
81,83,85,87,89,90,92,93,95,100,101
Update coefficients 19 (21.1) 4,16,22-24,39,40,48,55,60,70,79,81,86-88,91,93,100
Handling of missing 
values
Complete case analysis 56 (62.2)
2,6,17,19,21,22,26-28,30-33,35,36,38,39,41-48,54,56,57,59,61,62,64,68,71,73,74,79-83,85-
93,95,97-99,101,102
Multiple Imputation 10 (11.1) 18,20,23,24,51-53,63,76,77
Complete case analysis 
and Multiple imputation 4 (4.4)
55,60,75,100
Worst Case Scenario 1 (1.1) 4
Unknown 17 (18.9) 16,25,29,34,37,40,49,50,58,65,67,70,72,78,84,94,96
No missing values 2 (2.2) 66,69
ISS/NISS1
All 75 (83.3) 2,4,16-18,20-33,35-38,40-44,46,47,49-58,60-62,64,66-82,84-86,88-90,92-94,96-100
>3 or >4 2 (2.2) 87,101
>8 to >12 7 (7.8) 6,34,39,45,48,59,83
>15 to > 18 6 (6.7) 19,63,65,91,95,102
1List of abbreviations: ISS, Injury Severity Score; N, Number; NISS, New Injury Severity Score; 
A Severity Characterization of Trauma model (ASCOT) incorporated RTS, age as a categorical 
variable and the anatomic profile (AP; the square root of the sum of the squares of all the 
AIS scores in a region) and was used six times (6 articles). Mechanism of injury was also 
incorporated in 50% of the ASCOT models.
The Trauma Mortality Prediction Model (TMPM) was used six times (4 articles2,19,21,23). The 
TMPM and incorporated age and ICD-9-CM codes that were used as anatomical variables in 
which the five most severe injuries were coded and incorporated in the model. Mechanism 
of injury was included as a dichotomous or categorical variable.
Several new models were developed (and validated) that mostly incorporated the predictors 
of two or more models as mentioned above. These models showed variations in the 
anatomical variable, i.e., the Glasgow Coma Scale (GCS or only the motor component of 
the GCS) and specific blood values (e.g., base excess or base deficit). Many variations in 
measurement levels (e.g., continuous, dichotomous, and categorical) were used in the 
models (Figure 3).
TABLE 1. Continued.
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FIGURE 3. The number of models that used age (according to the measurement level) and 
physiological- or anatomical variables as predictor.
List of abbreviations: AP, Anatomic Profile; GCS, Glasgow Come Scale; ICISS, International classification of 
Disease-9 based Injury Severity Score model; ISS, Injury Severity Score; NISS, New Injury Severity Score; RTS, 
Revised Trauma Score.
Quality assessment
The cohort sizes ranged from 10024 to 1,115,38925 patients, with overall mortality rates that 
ranged from 0.6%26 to 35.5%27 (Supplemental File 2).
Fifteen articles (17%) developed a model, and twenty-five (28%) validated an existing model. 
Furthermore, 49 articles (56%) both developed and validated a prediction model. There were 
19 articles (22%) that updated the coefficients of the original TRISS based on a previously 
developed goodness-of-fit model in their own study population.
Seventeen articles (20%) did not describe the handling of missing values. Missing values 
were mostly handled by complete case (CC) analysis (N=56, 62%), although the multiple 
imputation technique became more common in more recent studies (N=10, 12%).
A total of 258 models were developed, validated or updated in the 90 articles included 
in this analysis. There were 103 models (40%) that validated an external cohort, among 
which 24 were developed and validated in an external separate cohort in the same article. 
Nineteen models (8%) were validated in a random split sample, and ten articles (4%) used a 
temporal validation design with a split in calendar time. Two models28 (0.8%) were validated 
using 3-fold validation.
Discrimination
Discrimination was mostly assessed with the AUROC and ranged between 0.5929,30 and 
0.9831 (Supplemental File 2). Only three models had an AUROC<0.60. Nine models showed 
discrimination between 0.60 and 0.80. Most models showed an AUROC>0.80 (N=219, 86%).
The highest AUROC was found for a TRISS-based model with updated coefficients based on 
goodness-of-fit for their own study population (AUROC: 0.981, 95% CI: unknown). The TRISS-
based models in the same article with acute ethanol as an additional predictor showed 
discrimination values that were worse31. The lowest AUROCs were found in a model with 
age and comorbidities as predictors (AUROC: 0.59, 95% CI: 0.56, 0.62) and in the Kampala 
Trauma Score (KTS) (AUROC: 0.59, 95% CI: unknown). Models that included predictors from 
all categories (physiological, anatomical, and demographic variables, and injury cause/
mechanism) showed better discrimination compared to models incorporating only one or 
two categories.
Calibration
Calibration was mostly assessed with the H-L statistics (N=149, 58%). Most models showed 
a non-significant miscalibration in model development (p>0.05), with small differences 
between models. Articles that compared the TRISS-based models with other models showed 
a worsening, but not significant, calibration for the TRISS32-37. Overall, calibration of the 
models was better when several categories of predictors were included in the model.
The inclusion of dichotomized, categorical or continuous predictors in the models resulted 
in differences in performance. Some articles compared the basic TRISS model with TRISS-
based models that incorporated different measurement levels for age or ISS4,28,38,39. Models 
with categorical variables showed better calibration and discrimination compared with 
dichotomized variables, and models that included continuous variables showed even better 
calibration and discrimination28,39-41.
Other measures of performance
Overall performance measures were not assessed in this review because Nagelkerke’s R2 
and Brier Score were rarely measured in the included studies.
Predictors
Among 258 models, 132 (52%) incorporated the RTS (Additional File 2). The Glasgow Coma 
Scale (GCS) was the second most frequent variable and was used in 63 (24%) models. The 
motor component of the GCS was used in 24 (9%) models. Specific blood values (e.g., base 
excess or base deficit) were included in 18 models (7%), and the Acute Physiological Score 
(APS) was included in 17 (7%) models (Figure 3).
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Injury Severity Score (ISS) was the most frequently used anatomical variable (N=133, 52%). 
Other anatomical variables that were used occasionally were the New ISS (NISS) (N=15, 6%) 
and the ICISS (N=9, 3%). Additionally, the ICD-9-CM (N=14, 5%) or ICD-10 (N=1, 0.4%) codes 
were used incorporated as anatomical variables in models where the five most severe 
injuries were coded. The anatomic profile (AP) score is the square root of the sum of the 
squares of all the AIS scores in a region and was used in 7 models (3%) (Figure 3).
Another important variable that was measured in many models was the mechanism or 
cause of injury. Mechanism of injury was dichotomized into blunt or penetrating injury in 84 
models (33%). A few models (N=11, 4%) created a categorical variable for cause of injury (e.g., 
motor vehicle collision, pedestrian accident or fall), which replaced the mechanism of injury.
Many variations in measurement levels (e.g., continuous, dichotomous, categorical) were 
used in the models (Figure 3). A total of 107 (41%) models incorporated age as a dichotomized 
variable. The dichotomous version of age frequently used the cut-off point of >55 years. 
Continuous and categorical variants of age were used in 69 (27%) and 51 (20%) models, 
respectively. Only 30 (12%) models did not incorporate age. Thirty models (12%) incorporated 
gender in the model. Comorbidity was included in 44 models (17%) mostly using the Charlson 
Comorbidity Index (CCI) or the chronic health score (11 (4%) and 9 (3%) models, respectively). 
Statistical interaction terms were included in 9 models (3%).
DISCUSSION
This systematic review assessed 90 articles reporting on mortality prediction models for the 
general trauma population. The study and model characteristics were heterogeneous, and 
methodological quality varied. TRISS was the most commonly used model. The predictors 
that were most often used were RTS, ISS, age and mechanism of injury. The predictors were 
mostly included as dichotomized or categorical variables, while continuous variables showed 
better performance, as might theoretically be expected42-44.
Methodological quality
The methodological quality of the included articles varied widely. Key potential biases 
were addressed (Supplemental File 2) to allow for a detailed interpretation. For example, 
thresholds for continuous variables should have been avoided42-45. It is unlikely that a 55-year-
old patient had a completely different prognosis than a 54-year-old patient. Additionally, 
neither of the previously mentioned patients would have the same prognosis as a patient 
who was 20 years old.
A sufficient sample size is important in model development and validation. A smaller sample 
size results in a low number of events per variable and a limited power in the analysis. 
Although Peduzzi et al. (1996)46 introduced the general rule of a minimum of 10 outcome 
events per variable in logistic regression, other researchers suggest that this rule may be 
too conservative47,48. It could be argued that several studies included in this review did 
not have sufficient events for the amount of predictors included in the model for accurate 
validation or development24,49-52. Furthermore, mortality rates in countries with advanced 
health systems have rapidly decreased over recent decades53. Meanwhile, a growing number 
of patients are at risk of serious long-term disability54. Thus, it could be argued that the 
evaluation of trauma care should be extended to non-fatal outcomes.
The problem of missing data is common in trauma registries and in trauma mortality 
prediction research. CC analysis was mostly used in the articles for handling missing values. 
CC analysis excludes subjects with a missing value for any potential predictor. The missing 
values in trauma data are often associated with the outcome or with other covariables55. 
More recent research used multiple imputation (MI), which can be a valid and efficient 
solution to address the large amount of missing physiologic data56,57. The most common 
missing variable in trauma data is the RTS because it combines three physiological variables, 
including the respiratory rate. Therefore, RTS is often replaced by other variables with less 
missing values (e.g. GCS scores)58,59. However, these variables contain less information; thus, 
it can be argued that the priority should be on the improvement of data collection or data 
registration rather than on the adjustment of the models60.
External validation is an essential key to determine the general applicability of a prediction 
model. Only relatively few models were validated in an external cohort. Additionally, few 
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papers handled continuous variables or missing values adequately. This limited level of 
methodological quality was also reported in other reviews of prognostic models7,11,61,62.
Bouwmeester et al. (2012)63 stated that better quality models should be developed. A 
review for prognostic models in liver transplantation62 recommended the development of 
disease-specific prediction models because the effect of some predictors depended on 
the underlying disease. Due to a high heterogeneity across trauma populations, it could 
be reasoned that researchers should not focus on the creation of a model for the general 
trauma population but should develop several models for subsets of patients to assess and 
compare the equitable quality of care., especially now as the number of patients increases 
in large registries64. Another possibility would be to create a single but more complex model 
that includes all important predictors for the different patient subsets.
Model performance and predictors
The performance of the same model differed widely between cohorts. This variation limited 
the validity of a quality of care comparison between the different cohorts. Calibration of a 
model depends on the setting while discrimination depends on the distribution of prognostic 
factors. Therefore, model performances were only compared within studies.
Models that incorporated several categories of predictors (e.g., anatomical, physiological, 
demographic) showed better calibration and discrimination compared to models that only 
included, for example, anatomical predictors. A hip fracture combined with old age and 
comorbidities may be fatal but may be less fatal in young and healthy patients. Anatomical 
measures should therefore be accompanied by physiological and demographic predictors. 
The TRISS model previously incorporated these parameters in 19843.
This systematic review showed that adding more predictors to the basic TRISS-model did not 
always result in higher performance65-67. Last, models should be practical. For example, the 
performance gained by incorporating comorbidity status may not outweigh the effort it takes 
to measure comorbidity status among all trauma patients adequately. Additionally, base 
deficit could be an important predictor for mortality in trauma care. However, base deficit is 
mostly assessed only in severely injured patients68 and will often be recorded as a missing 
value in the general trauma population. Therefore, it is not feasible to incorporate this 
predictor in models that are designed to predict mortality for the general trauma population.
Limitations
There are some limitations to this review. A total of 27 articles did not provide a specific 
definition of the timing of mortality. Studies with only 24-hour mortality as an outcome were 
excluded, but it is possible that additional studies should have been excluded. Bias could 
have been introduced by excluding the non-English language articles (N=4). However, the 
number of articles identified through our systematic approach allowed the representation 
of the development in the field of trauma mortality prediction models. Last, publication 
bias could have been a threat to this review if studies with poor validation results were not 
published or if other non-English language articles were not found with our search strategy.
Conclusion
Researchers are still searching for a better mortality prediction model in the general trauma 
population. Every year, several articles are published that develop prediction models with 
small variations. This situation may indicate that the basic TRISS model is perceived as 
outdated although there is no current agreement on a better model to use in the quality 
assessment of trauma care in the general population. Most models are based on the TRISS 
variables and reach adequate performance with good discrimination and calibration. 
However, when testing TRISS on subsets of trauma patients, the results differ dramatically 
69,70.
Future research on model development should focus on the methodological quality, on 
practically applicable models and on the performance in subsets of patient groups. Models 
should 1) be developed and/or validated using an adequate sample size with sufficient events 
per predictor variable, 2) use multiple imputation models to address missing values, 3) use 
the continuous variant of the predictor if available and 4) incorporate all different types of 
readily available predictors (i.e., physiological variables, anatomical variables, injury cause/
mechanism, and demographic variables). The existing models did not meet all requirements 
for methodological accuracy; hence, further development of survival prediction models in 
trauma should not be based on previously built models but should be based on the literature 
and expert opinion. Furthermore, while mortality rates are decreasing, it is important to 
develop models that predict physical, cognitive status, or quality of life to measure quality 
of care.
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SUPPLEMENTAL FILE 1
Search strategy
Database Search (N) After removing duplicates (N)
Embase.com 2449 2413
Medline (ovid) 2461 921
Web-of-science 2691 1457
Cinahl (ebsco) 785 278
PubMed publisher 194 171
Cochrane 49 11
Google scholar 250 171
Total 8879 5422
Embase.com (N=2449)
(injury/de OR ‘accidental injury’/exp OR ‘blunt trauma’/de OR ‘crush trauma’/de OR ‘injury 
scale’/exp OR ‘injury severity’/exp OR ‘penetrating trauma’/exp OR (injur* OR trauma* OR 
polytrauma* OR multitrauma*):ab,ti) AND (((model/de OR ‘scoring system’/exp OR ‘rating 
scale’/exp OR ‘injury scale’/exp) AND (‘validation study’/exp OR ‘validation process’/exp 
OR ‘instrument validation’/exp OR reliability/exp OR reproducibility/de OR ‘sensitivity and 
specificity’/exp OR ‘area under the curve’/exp OR accuracy/de)) OR (((model* OR instrument 
OR ‘scoring system’ OR ‘scoring systems’ OR ‘trauma score’ OR ‘trauma scores’) NEAR/6 
(valid* OR develop* OR reliab* OR sensitiv* OR specificit* OR auc OR ‘area under the 
curve’ OR roc OR perform* OR compar* OR accura* OR value OR reproducib*))):ab,ti) AND 
(mortality/exp OR survival/exp OR death/de OR fatality/de OR (mortalit* OR surviv* OR 
death):ab,ti) NOT ([animals]/lim NOT [humans]/lim) AND [english]/lim NOT ([Conference 
Abstract]/lim OR [Letter]/lim OR [Note]/lim OR [Editorial]/lim)
Medline (ovid) (N=2461)
(“Wounds and Injuries”/ OR “Wounds, Nonpenetrating”/ OR exp “Trauma Severity Indices”/ 
OR “Wounds, Penetrating”/ OR (injur* OR trauma* OR polytrauma* OR multitrauma*).ab,ti.) 
AND (((Models, Theoretical/ OR exp “Models, Statistical”/ OR “Trauma Severity Indices”/) AND 
(“validation studies”/ OR “Validation Studies as Topic”/ OR “Reproducibility of Results”/ OR exp 
“Sensitivity and Specificity”/)) OR (((model* OR instrument OR “scoring system” OR “scoring 
systems” OR “trauma score” OR “trauma scores”) ADJ6 (valid* OR develop* OR reliab* OR 
sensitiv* OR specificit* OR auc OR “area under the curve” OR roc OR perform* OR compar* 
OR accura* OR value OR reproducib*))).ab,ti.) AND (mortality/ OR mortality.xs. OR survival/ 
OR “Fatal Outcome”/ OR “Survival Rate”/ OR (mortalit* OR surviv* OR death).ab,ti.) NOT (exp 
animals/ NOT humans/) AND english.la. NOT (letter OR news OR comment OR editorial OR 
congresses OR abstracts).pt.
Cochrane (N=49)
((injur* OR trauma* OR polytrauma* OR multitrauma*):ab,ti) AND ((((model* OR instrument 
OR ‘scoring system’ OR ‘scoring systems’ OR ‘trauma score’ OR ‘trauma scores’) NEAR/6 
(valid* OR develop* OR reliab* OR sensitiv* OR specificit* OR auc OR ‘area under the 
curve’ OR roc OR perform* OR compar* OR accura* OR value OR reproducib*))):ab,ti) AND 
((mortalit* OR surviv* OR death):ab,ti)
Web-of-science (N=2691)
TS=(((injur* OR trauma* OR polytrauma* OR multitrauma*)) AND ((((model* OR instrument 
OR “scoring system” OR “scoring systems” OR “trauma score” OR “trauma scores”) NEAR/6 
(valid* OR develop* OR reliab* OR sensitiv* OR specificit* OR auc OR “area under the curve” 
OR roc OR perform* OR compar* OR accura* OR value OR reproducib*)))) AND ((mortalit* 
OR surviv* OR death)) NOT ((animal* OR rat OR rats OR mouse OR mice OR murine OR dog 
OR dogs OR pig OR pigs OR swine OR porcine OR rabbit* OR rodent* OR sheep OR ovine 
OR monkey*) NOT (human* OR patient*))) AND DT=(article)
Cinahl (ebsco) (N=785)
(MH “Wounds and Injuries” OR MH “Wounds, Nonpenetrating” OR MH “Trauma Severity 
Indices+” OR MH “Wounds, Penetrating+” OR (injur* OR trauma* OR polytrauma* OR 
multitrauma*)) AND (((MH “Models, Theoretical” OR MH “Models, Statistical+” OR MH “Trauma 
Severity Indices+”) AND (MH “validation studies+” OR MH “Reproducibility of Results+” OR 
MH “Sensitivity and Specificity+”)) OR (((model* OR instrument OR “scoring system” OR 
“scoring systems” OR “trauma score” OR “trauma scores”) N6 (valid* OR develop* OR reliab* 
OR sensitiv* OR specificit* OR auc OR “area under the curve” OR roc OR perform* OR 
compar* OR accura* OR value OR reproducib*)))) AND (MH mortality OR MW mortality OR 
MH survival OR MH “Fatal Outcome” OR (mortalit* OR surviv* OR death)) NOT (MH animals+ 
NOT MH humans+) AND LA english NOT PT (letter OR news OR comment OR editorial OR 
congresses OR abstracts)
PubMed publisher (N=194)
(“Wounds and Injuries”[mh] OR “Wounds, Nonpenetrating”[mh] OR “Trauma Severity 
Indices”[mh] OR “Wounds, Penetrating”[mh] OR (injur*[tiab] OR trauma*[tiab] OR 
polytrauma*[tiab] OR multitrauma*[tiab])) AND (((Models, Theoretical[mh] OR “Models, 
Statistical”[mh] OR “Trauma Severity Indices”[mh]) AND (“validation studies”[mh] OR 
“Validation Studies as Topic”[mh] OR “Reproducibility of Results”[mh] OR “Sensitivity and 
Specificity”[mh])) OR (((model*[tiab]) AND (validat*[tiab] OR develop*[tiab] OR reliabilit*[tiab] 
OR sensitiv*[tiab] OR specificit*[tiab] OR accura*[tiab] OR reproducib*[tiab])))) AND 
(mortality[mh] OR mortality[sh] OR survival[mh] OR “Fatal Outcome”[mh] OR “Survival 
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Rate”[mh] OR (mortalit*[tiab] OR surviv*[tiab] OR death)) NOT (animals[mh] NOT 
humans[mh]) AND english[la] NOT (letter[pt] OR news[pt] OR comment[pt] OR editorial[pt] 
OR congresses[pt] OR abstracts[pt]) AND publisher[sb]
Google scholar (N=250)
injury|trauma|polytrauma|multitrauma "model|instrument 
validation|development|reliability|sensitivity|specificitity|performance|accuracy|
reproducibility"|" validated|developed|performance * model|instrument " mortality|survival
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ABSTRACT
Introduction Trauma databases often contain relatively high proportions of missing 
physiological values. Multiple Imputation (MI) could be a possible adequate solution for the 
missing values. This study aimed to demonstrate the influence of more simplified imputation 
models on Standardized W statistic (number of excess survivors per hundred patients that 
would be achieved if the study center treated identically the same case-mix as the reference 
population).
Methods Data from three trauma care networks in the Netherlands were used to investigate 
local differences in missing data. Five different imputation models (MI 1 to 5) were created, 
based on literature and expert opinion. A sixth database was created using maximal single 
imputation (MaxI) and a seventh database with only complete cases (CCA). The Ws values 
were calculated for the three regions separately.
Results A total of 8,853, 24,487 and 8,599 observations were examined in region 1, region 2 
and region 3 respectively. The Ws in region 1 ranged from -0.48 (95% CI: -1.71, 0.80) for CCA 
to 0.53 (95% CI: -0.19, 1.26) for MI 4 and a range of 0.40 (95% CI -0.91, 0.10) for CCA to -0.32 
(-0.69, 0.04) for MI 1 and MI 4 was found in region 2. The Ws for region 3 ranged from -0.19 
(-0.83, 0.45) in all MI datasets to -0.12 (-0.76, 0.52) in the CCA dataset. Although there were 
no significant differences between the Ws of the imputation datasets and the CCA analysis, 
large differences were found in the region with the most missing values.
Conclusion Different imputation strategies did influence Ws values. Supplementary 
variables showed no additional value for the imputation process and a more simplified 
imputation model could be used to adequately impute missing data.
INTRODUCTION
The prevalence of missing data is a big challenge in trauma registries1-3. The prospective 
registration of admitted trauma patients allows us to compare populations and improve 
trauma care. The Dutch Trauma Registration (TR) included over 83,000 trauma patients 
in 2014 and is considered as an essential basis for evaluating the quality of trauma care4. 
Registrations are used to measure trauma care performance by calculating the Probability 
of Survival (Ps) for each patient and compare this with the observed survival proportions. 
The Trauma and Injury Severity Score (TRISS) is the most commonly used model to calculate 
the Ps and is based on the Major Trauma Outcome Study (MTOS)5,6. However, TRISS includes 
physiological values that are often missing in trauma registries, resulting in missing Ps 
calculations.
The comparison of trauma care performance can be complicated due to significant 
differences in trauma systems, data collection and populations. The standardized W-statistic 
(Ws) is developed to adjust for case mix and estimates the number of excess survivors per 
hundred patients that would be achieved if the study center treated identically the same 
case-mix of injury severity as the reference population7.
Until now, Complete Case Analysis (CCA) is most often used for handling missing values in 
trauma registries8. CCA excludes subjects with a missing value for any potential predictor. 
However, the missing values in trauma registries are often associated with other covariables 
or with the outcome, and thus, CCA may give biased estimates. Furthermore, CCA leads to 
smaller samples, resulting in a decrease of statistical power.
Currently, the Dutch TR uses maximal single imputation (MaxI) as an incentive for a better 
registration; missing values in the physiologic data are considered as clinical normal4. 
Furthermore, unknown values of mechanism of injury are considered as blunt injury. 
These assumptions could lead to higher survival prediction and subsequently to a lower 
Ws. Multiple Imputation (MI) is a possible adequate solution for the high amount of missing 
values9. However, MI is a complicated method and differences in imputation models may 
influence outcome.
Moore et al. (2009)1 proposed an imputation model and guidelines to the imputation process 
for trauma registries. Because not all variables (i.e. intubation scene/Emergency Department 
[ED], drugs and/or alcohol use, transfer, ED disposition, duration ventilator and discharge 
disposition) from the imputation model described by Moore et al. (2009)1 were available 
or appropriately coded in the Dutch Trauma Registration, we aimed to demonstrate the 
influence of more simplified imputation models on the Ws. Data from three regional trauma 
care networks in the Netherlands were used to investigate local differences in missing data 
and the effect of MI, CCA and MaxI. We hypothesize that different imputation strategies 
result in different Ws values.
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METHODS
Study population and data collection
The Netherlands consists of eleven trauma care networks. This research was conducted in 
three networks: Network Emergency Care Euregio (4 hospitals), Network Emergency Care 
Zwolle (7 hospitals) and Network Emergency Care Brabant (12 hospitals), all including one 
level I trauma center. The three trauma care networks represent 26% of the total Dutch 
trauma population.
Patients were registered in the TR if they have been admitted after visiting the Emergency 
Department (ED) within 48 hours after a trauma. Only patients that were transported to the 
ED by ambulance or trauma helicopter to one of the hospitals within the three trauma care 
networks between January 1, 2011 and December 31, 2014 were examined in this study.
The TR included physiological parameters which were assessed by Emergency Medical 
Services on time of arrival at the scene and recorded at presentation at the ED of the hospital. 
Physiological variables consists of the components of the Glasgow Coma Scale (GCS) (i.e. 
eye (E), motor (M) and verbal (V) component), systolic blood pressure (SBP) and respiratory 
rate (RR). Mechanism of injury (i.e. blunt or penetrating), total number of admission days, 
length of stay at the Intensive Care (IC), discharge disposition and Abbreviated Injury Scale 
(AIS, version 98) were collected in the hospital. The Injury Severity Score (ISS) was calculated 
using the AIS.
The calculation of survival probabilities
The Probability of survival (Ps) was calculated using the natural logarithm (Logit) of the 
TRISS10,11:
Logit (Ps) = αi + βRTS,i*RTS + βISS,i*ISS +βage,i*age
Age was equal to 0 if the patient is < 55 years and equal to 1 if the patient is ≥ 55 years of age.
The coefficients were derived from Dutch Trauma Registration in 2015 with separate values 
for blunt and penetrating trauma (Supplemental File 1)12.
Statistical analysis
Data preparation
Patients with unknown outcome (in-hospital mortality) or unknown injury severity 
were excluded from further analyses. Clinically relevant supplementary predictors for 
physiological variables were selected for the imputation models based on variables 
suggested by literature1,13 and expert opinion. The following variables were considered 
relevant: age, ISS, prehospital E/M/V values, prehospital RR and prehospital SBP, mechanism 
of injury (blunt or penetrating), mortality, length of stay in hospital, length of stay at the 
ICU, head injury and maximal AIS score. Prehospital E/M/V and RR values were selected for 
survival prediction calculations in patients that were sedated and/or intubated, instead of 
the registered hospital values.
The associations between missing physiological values and supplementary variables were 
assessed with logistic regression, with α=0.05 and using a Bonferonni correction for multiple 
comparisons. The associations between supplementary variables and clinical abnormal 
physiological variables were assessed with logistic regression (also with Bonferonni 
correction). Due to different patterns of missing and clinical abnormal variables, the 
associations were assessed per region. Clinical abnormal values for the GCS were defined 
as: <4 for E, <6 for M and <5 for V. The clinically abnormal values for SBP and RR were <89, 
and <10 or >29 respectively.
Imputation process
Seven datasets were created. First, a dataset with only complete cases (CCA dataset) was 
created. Second, the MaxI dataset was created. MaxI coded missing physiological values 
as clinical normal (Supplemental file 1). Hence, missing SBP and RR values were coded as 4, 
missing E, M and V values were coded as 4, 6 and 5 respectively. Furthermore, all unknown 
mechanism of injuries were coded as blunt injury.
Next, three multiple imputation datasets were created based on different imputation 
models (MI 1 to MI 3, Table 1). The inclusion of highly correlated variables in the imputation 
model may cause problems in the imputation process14. Correlations were checked with 
Spearman’s rho and Kendall’s tau for categorical variables and Pearson correlations for 
continuous variables. Prehospital values were correlated with the hospital physiological 
values (data not shown), and were for that reason not included in the next imputation 
models. Furthermore, imputation models should include all variables (predictors and 
outcome) that are incorporated in the model13. Hence, MI 4 and MI 5 were created (Table 1).
Assumptions for linear regression were checked; residuals should be normally distributed. 
SBP showed a normal distribution and RR was log transformed for normal residuals. E, 
M and V values were imputed using dummy variables with normal level of consciousness 
as reference category. The imputed E/M/V values were back-transformed using adaptive 
rounding15. Length of stay in hospital and length of stay at ICU were log-transformed, 
with deaths coded as missing value, to accomplish linearity between dependent and 
independent variables. The Markov Chain Monte Carlo (MCMC) was used to impute the 
missing physiological data. A total of 54, 40 and 5 imputations were used in region 1, region 
2 and region 3 respectively (according to the maximal percentage of missing values for 
a physiological variable, and at least 5 imputations) with 10 iterations16. The imputation 
process was assessed by convergence plots. Logistic regression was performed to determine 
the area under the receiver operating characteristic curve (AUROC) of the five imputation 
models predicting the missing values and clinical abnormal values of hospital E, M, V, SBP 
3
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and RR, to determine the information content of selected imputation variables. Differences 
between AUROC values were considered significant if the 95% confidence interval did not 
overlap.
Ws calculation
Ws and the 95% CI were calculated for the three trauma regions separately according to the 
formulas of Younge et al. (1997)7. The dataset was split into Ps bins 0-0.25, 0.26-0.50, 0.51-
0.75, 0.76-0.90, 0.91-0.95 and 0.96-1.00. Excess survivors were calculated and multiplied 
by the fraction of patients in the database. The Ws was calculated by adding the excess 
survivors of each bin. The Ws (95% CI) was calculated for the five MI datasets, for the MaxI 
dataset and for the dataset with only complete cases (CCA dataset). Differences between 
Ws values were considered significant if the 95% confidence interval did not overlap. 3
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FIGURE 1. Summary of inclusion and exclusion of observations and missing values in the 
three regions.
Abbreviations: CCA, Complete Case Analysis; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; n, 
number; RR, Respiratory Rate; SBP, Systolic Blood Pressure.
RESULTS
Study characteristics
The three regions included 42,032 observations between 2011 and 2014 (Table 2, Figure 
1). A total of 26 observations (0.1%) were excluded because the outcome was unknown and 
67 (0.2%) observations were excluded due to an unknown ISS value, resulting in 41,939 
observations for further analysis. The mean age (SD) of the total population was 59.3 (25.7) 
years and 51.6% of the population was male.
The median (Inter Quartile Range [IQR]) values for ISS were the same in all regions (9 [4-9]). 
A total of 7.7% of the total study population suffered multi trauma (ISS>15). The median (IQR) 
of GSC was 15 (15-15) in all regions, 11.4% of whom had a GCS lower than 15.
The median (IQR) of E, M and V of the GCS were 4 (4-4), 6 (6-6) and 5 (5-5), respectively. 
Respiratory Rate (median [IQR]) was 16 (15-20) for the total population and SBP (median 
[IQR]) ranged from 140 (120-157) in Region 3 to 145 (128-165) in Region 1. In-hospital 
mortality ranged from 2.8% in Region 1 to 3.1% in Region 3.
Missing data
The RR, SBP and GCS were missing in 34.3%, 9.3% and 15.5% of the observations, 
respectively (Table 2, Figure 1). The E, M and V components of the GCS were mainly missing 
in Region 1 (50.8%, 50.6% and 50.7%, respectively). Age, gender, ISS, in-hospital mortality 
and mechanism of injury were missing in only 0.0%, 0.0%, 0.2%, 0.1% and 0.4% of the 
observations, respectively. The CCA analysis was conducted in 2,850, 14,272 and 8,539 
in region 1, region 2 and region 3 respectively, due to the missing data in the predictor 
variables of the TRISS.
Association supplementary variables and physiological values
Different patterns of missing physiological values were found between the regions (Table 3). 
There were significantly more missing physiological values in females and in patients with 
higher age in Region 1 and Region 2. Patients from region 1 and region 3 with a longer ICU 
stay had significantly more missing values for RR and SBP compared to patients without 
ICU stay. Region 2 showed less missing values for RR and SBP for an ICU stay of 1-3 days 
compared to no ICU stay. Patients with a higher ISS value had significantly more missing 
values in Region 3. Significant associations were most often found in Region 1, the region 
with the highest prevalence of missing values.
3
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TABLE 2. Patient characteristics for the total study population and the three regions.
Total Region 1 Region 2 Region 3
N 42,032 8,892 24,528 8,612
N for CCA (%) 25,661 (61.1) 2,850 (32.1) 14,272 (58.2) 8,539 (99.2)
Age (mean, SD)
 Missing (%)
59.3 (25.7)
0.0
60.4 (25.7)
0.0
59.5 (25.4)
0.0
57.9 (26.4)
0.0
Gender (% male)
 Missing (%)
51.6
0.0
51.2
0.1
51.7
0.0
51.6
0.0
ISS (median, IQR)a
 Missing (%)
ISS > 16 (%)
9 (4-9)
0.2
7.7
9 (4-9)
0.4
7.2
9 (4-9)
0.1
7.4
8 (4-9)
0.2
9.0
RR (median, IQR)a
 Missing (%)
16 (15-20)
34.4
17 (14-20)
54.0
15 (15-20)
39.2
17 (16-19)
0.6
SBP (median, IQR)a
 Missing (%)
141 (125-160)
9.3
145 (128-165)
18.8
141 (125-160)
9.1
140 (120-157)
0.2
GCS (median, IQR)a
 Missing (%)
GCS < 15 (%)
15 (15-15)
15.5
11.4
15 (15-15)
50.9
19.5
15 (15-15)
8.4
10.5
15 (15-15)
0.3
9.9
E (median, IQR)a
 Missing (%)
E < 4 (%)
4 (4-4)
15.4
6.2
4 (4-4)
50.6
10.4
4 (4-4)
8.0
5.4
4 (4-4)
0.3
6.0
M (median, IQR)a
 Missing (%)
M < 6 (%)
6 (6-6)
15.4
4.5
6 (6-6)
50.7
9.9
6 (6-6)
8.0
3.4
6 (6-6)
0.3
4.8
V (median, IQR)a
 Missing (%)
V < 5 (%)
5 (5-5)
15.6
8.8
5 (5-5)
50.6
12.9
5 (5-5)
8.3
8.4
5 (5-5)
0.3
7.8
In-hospital mortality (%)
 Missing (%)
2.9
0.1
2.8
0.1
2.9
0.1
3.1
0.0
Blunt injury (%)
 Missing (%)
97.5
0.0
97.5
0.0
97.8
0.0
96.4
0.0
aHospital values
List of abbreviations: N, Number; CCA, Complete Case Analysis; E, Eye component of the Glasgow Coma 
Scale; GCS, Glasgow Coma Scale; IQR, Inter Quartile Range; ISS, Injury Severity Score; M, Motor component 
of the Glasgow Coma Scale; RR, Respiratory Rate; SBP, Systolic Blood Pressure; SD, Standard Deviation; V, 
verbal component of the Glasgow Coma Scale
Patterns of clinical abnormal values were mostly the same between regions (Table 4). A 
higher age was associated with a lower risk of abnormal values for E in all regions. Clinical 
abnormal values for RR and SBP were more present in patients younger than 17 years. A 
higher AIS head score resulted in more clinical abnormal values for E, M and V, but for less 
clinical abnormal values for SBP. Death was positively associated with all clinical abnormal 
physiological values. Clinical abnormal values for SBP were most often found in patients 
with penetrating injury.
All supplementary variables were significantly associated with at least one missing or clinical 
abnormal physiological value.
Discriminative ability of supplementary variables
Discrimination of the logistic models predicting missing physiological values ranged from 
0.519 (95% CI: 0.506, 0.532) for MI 1 predicting V in region 2 to 0.785 (95% CI: 0.686, 0.883) 
for MI 3 prediction SBP in region 1 (Table 5). The highest discrimination was found in MI 
3, followed by MI 5. Nevertheless, discrimination for logistic models predicting missing 
physiological values was poor to fair.
Discrimination of the logistic models predicting clinical abnormal physiological values ranged 
from 0.582 (95% CI: 0.548, 0.616) for MI 1 predicting RR in region 2 to 0.948 (95% CI: 0.921, 
0.976) for MI 3 predicting V in region 1 (Table 5). Overall, discrimination of MI 3 and MI 5 was 
excellent for predicting clinical abnormal physiological values.
Ws
The Ws (95% CI) in region 1 ranged from -0.48 (95% CI: -1.71, 0.80) for CCA to 0.53 (95% CI: 
-0.19, 1.26) for MI 4 (Figure 2). The Ws values were higher, although not significant, in the 
multiple imputation datasets than in the CCA or MaxI datasets. The Ws (95% CI) for region 
2 ranged from -0.40 (95% CI -0.91, 0.10) for CCA to -0.32 (-0.69, 0.04) for MI 1 and MI 4. The 
Ws (95% CI) for region 3 ranged from -0.19 (-0.83, 0.45), in all multiple imputation datasets, 
to -0.12 (-0.76, 0.52) in the CCA dataset. No significant differences were found between the 
Ws values in region 2 and region 3. The Ws values did not differ between the five MI models 
in all three regions.
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FIGURE 2. Ws values (95% CI) for the three different regions.
List of abbreviations: CCA, Complete Case Analysis; CI, Confidence Interval; MI, Multiple Imputation; 
MaxI, Maximal Imputation
DISCUSSION
It is a challenge to appropriate handle the high prevalence of missing data in trauma registries 
for the evaluation of trauma care. Data from three trauma care networks in the Netherlands 
were used to investigate local differences in missing data and the effect of the imputation 
methods on Ws. The missing values for physiological variables showed different distributions 
in the three regions. All supplementary variables were significant associated with at least 
one missing or clinical abnormal physiological variable. The best discriminative abilities for 
missing variables and for clinical abnormal values were found in the most comprehensive 
imputation models. Although there were no significant differences between the Ws of the 
imputation datasets and the CCA analysis, large differences were found in the region with 
the most missing values. Ws values for the imputation datasets were the same in all regions.
Missing values can be described by several mechanisms17,18. Values could be missing 
completely at random (MCAR); the subjects with missing values are representative and 
are a random sample from the complete population. In the case that missing values in 
trauma registries are MCAR, CCA will not lead to biased results. However, it will lead to a 
smaller sample size, a loss of statistical power, because all cases with missing data in the 
predictors and outcome are deleted. Previous research hypothesized that missing values 
in trauma registries are missing at random (MAR)2,3,19,20; the missing values are then related 
to known characteristics or the outcome. However, the discriminative abilities of the most 
imputation models for missing physiological values were close to 0.5. This could indicate that 
the supplementary variables do not contain information to explain the pattern of missing 
values. Hence, it is possible the missing values in our sample are not MAR.
Not all supplementary variables from the imputation model described by Moore et al. 
(2009)1 were available in the Dutch Trauma Registration. The more variables included in 
the imputation model the better the discriminative ability21,22; as expected, the imputation 
model with most supplementary variables showed the highest AUROC for clinical abnormal 
values. Although discriminative ability between imputation models differed significantly, 
no differences were found in the Ws between the five multiple imputation models. O’Reilly 
(2010) et al.23 suggested to include the physiological prehospital data, because it provides 
valuable information to the outcome analyses. However, the convergence plots showed a 
slight negative trend for the imputed variables in region 1 over the iterations, so it is possible 
that the correlated variables could have caused problems in the imputation process resulting 
in incorrect imputations.
The fraction of patients in the Ps bins showed large differences between imputation datasets 
and the CCA dataset among the regions. In region 1, 88% of the patients had an expected 
survival between 0.96 and 1.00 in the CCA dataset, and even more (93%) in the MaxI dataset. 
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However, after multiple imputation this fraction decreased (ranging from 77% to 80%). 
Based on the comparability of the regions, at least 90% of the patients should have an 
expected probability of survival between 0.96 and 1.00. This implies that patients with 
missing values were mostly distributed among the lower probability bins after multiple 
imputation. Although the correctness of imputed values could never be formally verified, the 
imputed values were probably lower than the actual physiological values. This phenomenon 
is especially seen in region 1, where the mortality rate in the CCA database is 4%, instead of 
the 2.8% in the total dataset. The imputation models compute values based on the available 
information. This information is mostly based on relatively badly injured patients, with more 
often a poor outcome and thus a lower observed survival rate. The missing variables might 
have clinical normal values, but were often imputed as clinical abnormal values. This results 
in a lower Ps and finally in higher, although probably incorrect, Ws values. A missing value 
rate of 50% is probably too high to impute missing data.
Multiple imputation increases precision and reduces bias compared with CCA and should be 
considered for studies when substantial portion (20-40% missing rate per hospital) of data 
are missing in trauma registries3,19. In contrast, Joseph et al. (2004)20 and Rue et al. (2008)24 
concluded that great care is required with missing data, especially in trauma databases in 
which missing data may not be missing at random. The three trauma regions in this study 
have comparable patient compositions, but different missing values patterns. Due to the 
low prevalence of missing data, the Ws values in region 3 remained the same in all seven 
datasets, as expected. Also the Ws values in region 1 and 2 were constant in the different 
multiple imputation datasets. This implies that the supplementary variables do not add 
value to the imputation process and a more simplified model could be used for imputation 
of physiological variables.
MaxI will impute clinical normal values and will, therefore, lead to higher survival predictions 
and lower Ws values compared to the other datasets. However, the CCA dataset had a 
different patient composition due to the exclusion of the incomplete cases. This resulted 
in higher Ws values in the maximal imputation dataset compared to the CCA dataset in 
region 1 and region 2, which indicates that the pattern of missing data has big influence 
on the Ws values.
This study was conducted in three regions from the Dutch trauma population, which could 
indicate that the results may not be generalizable to other populations with different patient 
compositions. However, the three regions were representative for the total Dutch trauma 
population, including urban as well as rural populations. Therefore, the results could be 
extrapolated to the total Dutch trauma population and maybe also to other developed 
countries with similar trauma registries, missing value patterns and patients compositions.
Conclusions
Although much effort is put into the prevention of missing data, databases often contain 
relatively high proportions of missing physiological values. Missing data should be handled 
cautiously, based on the proportion of missing values and patterns of missing data in the 
dataset. This study showed that differences in strategies for handling missing data influence 
the Ws. However, there is no difference in Ws between comprehensive imputation models or 
more simplified models. Thus, supplementary variables showed no additional value for the 
imputation process and a more simplified imputation model could be used to adequately 
impute missing data.
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SUPPLEMENTAL FILE I 
GCS is calculated by adding the coded values for E, M and V11:
E (range: 1-4) M  (range: 1-6) V (range: 1-5)
4a Eyes open spontaneously 6a Obeys commands 5a Oriented
3 Eyes open to verbal command 5 Localizes pain 4 Confused
2 Eyes open to pain 4 Withdrawal from pain 3 Inappropriate words
1 No eye opening 3 Flexion to pain 2 Incomprehensible sounds
2 Extension to pain 1 No verbal response
1 No motor response
RR, SBP and GCS were coded as follow:
RR SBP GCS Coded value
10-29a >89a 13-15 4
>29 76-89 9-12 3
6-9 50-75 6-8 2
1-5 1-49 4-5 1
0 0 3 0
The estimated coefficients (bn) of TRISS as used in this study
12:
Variables 
Coefficients
Blunt Injury Penetrating Injury
Intercept b0 1.5090 0.6460
RR b1 0.2372 0.2114
SBP b2 0.6460 0.6806
GCS b3 0.4008 0.6333
ISS b4 -0.1087 -0.0922
Age Index b5 -2.2091 -1.5366
The probability of survival is calculated with the following equations:
Ps = 1 / (1+e-b)
With b = b0 + b1 (RR) + b2 (SBP) + b3 (GCS) + b4 (ISS) + b5 (Age index)
Age was equal to 0 if the patient is younger than 55 years and equal to 1 if the patient is 
equal to or older than 55 years.
aClinical normal physiological values
List of abbreviations: E, Eye component of the Glasgow Coma Scale; GCS, Glasgow Coma Scale; ISS, Injury 
Severity Score; MTOS, Major Trauma Outcome Study; M, Motor component of the Glasgow Coma Scale; Ps, 
Probability of Survival; RR, Respiratory Rate; SBP, Systolic Blood Pressure; TRISS, Trauma Injury Severity 
Score; V, verbal component of the Glasgow Coma Scale;
3
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ABSTRACT
Introduction Previous research showed that there is no agreement on a practically 
applicable model to use in the evaluation of trauma care. A modification of the Trauma and 
Injury Severity Score (modified TRISS) is used to evaluate trauma care in the Netherlands. 
The aim of this study was to evaluate the prognostic ability of the modified TRISS and to 
determine where this model needs improvement for better survival predictions.
Methods Patients were included if they were registered in the Brabant Trauma Registry from 
2010 through 2015. Missing values were imputed according to multiple imputation. Subsets 
were created based on age, length of stay, type of injury and injury severity. Probability of 
survival was calculated with the modified TRISS. Discrimination was assessed with the Area 
Under the Receiver Operating Curve (AUROC). Calibration was studied graphically.
Results The AUROC was 0.84 (95% CI: 0.83, 0.85) for the total cohort (N = 69 747) but only 
0.53 (95% CI: 0.51, 0.56) for elderly patients with hip fracture. Overall, calibration of the 
modified TRISS was adequate for the total cohort, with an overestimation for elderly patients 
and an underestimation for patients without brain injury.
Conclusions Outcome comparison conducted with TRISS-based predictions should be 
interpreted with care. If possible, future research should develop a simple prediction model 
that has accurate survival prediction in the aging overall trauma population (preferable with 
patients with hip fracture), with readily available predictors.
INTRODUCTION
Prediction models that adequately predict survival are required to determine the quality of 
care in trauma patients. Trauma is a major cause of mortality in young adults worldwide1. 
In 2014, almost 84 000 patients were admitted due to injuries in the Netherlands and the 
30-day mortality rate was 2.1%2. Scoring systems and prediction models are important tools 
to quantify the probability of survival and to evaluate and improve the quality of care for 
the large number of injured patients3.
The Trauma and Injury Severity Score (TRISS) was developed from the Major Trauma 
Outcome Study (MTOS) in 1987 to evaluate the quality of trauma care by comparing 
outcomes with a norm score4. The TRISS is a weighted score based on the Injury Severity 
Score (ISS), age, and the coded Revised Trauma score (RTS). The RTS combines the Glasgow 
Coma Score (GCS), Systolic Blood Pressure (SBP) and Respiratory Rate (RR). The MTOS was 
a retrospective study conducted in North America from 1982 through 1987 and was of 
great value for the development of TRISS. It has been shown previously that the TRISS has 
several limitations5,6. The use of TRISS in an external population raises concerns, because 
differences between cohorts are distinct7,8.
Previous research in the Dutch population demonstrated an adequate performance of the 
TRISS with coefficients from the MTOS or from the National Trauma Data Bank (NTDB) in the 
total population, but demonstrated a poor reflection of the mortality risk of elderly patients 
(with hip fractures)9-12. Furthermore, Frankema et al.13 suggested developing and using a 
more accurate model for the evaluation of trauma care in the Dutch trauma population. 
A recent review showed that there is no agreement on a better and practically applicable 
model to use in the evaluation of trauma care14.
In 2015 the Dutch Trauma Registry developed a new model based solely on the variables 
in the TRISS model according to their trauma population, including the elderly patients 
with hip fracture15. This model is used to compare quality of care between Dutch hospitals, 
but has never been validated in subsets. The aim of this study was to determine the 
performance of the modified TRISS in subpopulations and to determine where this model 
needs improvement for better survival predictions in the Dutch trauma population.
4
100 101
MODIFIED TRISS IN SUBPOPULATIONSCHAPTER 4
METHODS
Study population and data collection
At present, the Netherlands consists of eleven trauma regions, all including a coordinating 
trauma level I center. The region Noord-Brabant is representative of the total Dutch 
trauma population. It covers 16% of all admitted trauma patients in the Netherlands and 
includes urban as well as rural populations2. Eleven hospitals in the region Noord-Brabant 
contributed to the Brabant Trauma Registry (BTR), including one level I hospital and ten level 
II or III hospitals. The registry database contains data of all trauma patients in Noord-Brabant 
that were admitted after visiting the Emergency Department (ED) within 48 h after a trauma, 
independent of injury severity or injury type. Secondary referrals and patients who die in the 
ED were also registered. Patients who were dead on arrival were excluded from the registry.
A total of 72411 patients were registered in the BTR from 2010 through 2015. Variables 
collected in this registry included demographics, SBP, RR, GCS, ISS, trauma mechanism 
(blunt vs. penetrating) and Abbreviated Injury Scale (AIS)-codes (version 1998)16. In-hospital 
mortality was considered as the primary outcome measure.
Model
The Probability of survival (Ps) was calculated using the natural logarithm (Logit) of the 
modified TRISS:
Logit (Ps) = αi + βGCS,i*GCS + βRR,i*RR +βSBP,i*SBP + βISS,i*ISS +βage,i*age
Age was equal to 0 if the patient was <55 years and equal to 1 if the patient was ≥55 years 
of age. The coefficients were derived from the Dutch Trauma Registry in 2015 (Table 1)15.
TABLE 1.The estimated coefficients (bn) of the modified TRISS as used in this study.
Coefficientsa
Mechanism of Injury Blunt
Intercept 1.5090
RR 0.2372
SBP 0.6460
GCS 0.4008
ISS -0.1087
Age -2.2091
aAll coefficients are for blunt injuries. Penetrating injuries have different coefficients (data not 
shown).
List of abbreviations: GCS, Glasgow Coma Scale; ISS, Injury Severity Score; RR, Respiratory Rate; SBP, 
Systolic Blood Pressure.
Subsets
Analyses were performed on the total cohort (with and without elderly patients with hip 
fractures) and on several subsets. Elderly patients with hip fractures (patients ≥65 years and 
an ISS ≤ 13, suffering an isolated fracture of the proximal femur [defined as: AIS 1998 codes 
851808.3, 851810.3 and 851812.3]) were excluded in the subsets, because it was previously 
suggested that those patients should be excluded from prediction modeling17,18. Each subset 
represents different challenges to the trauma centers, and were based on:
• Age:
        - Elderly, including only patients >75 years
        - Children, including only patients ≤15 years
• Type of injury: Traumatic Brain Injury (TBI), defined as AIS-head ≥3
• Injury severity: Major trauma, defined as ISS > 15
• LOS > 2, including patients who die during the first 2 days of admission.
• Trauma center (including only patients admitted to a trauma center level I) and non-
trauma center (including patients admitted to a trauma center level II or III).
Statistical analysis
Prehospital coded values for the V component of GCS and RR were selected in patients that 
were sedated and/or intubated, instead of the registered hospital values. Also, prehospital 
values for the E and M component of GCS were selected in patients that were sedated. Data 
were screened for missing values. ISS, RTS and age for patients with missing outcome values 
and with unknown mechanism of injury were compared to patients with known outcome 
values. Missing value patterns were analyzed for GCS, SBP, RR and ISS. The components 
of the GCS were transformed into dummy variables and RR was log-transformed in the 
imputation process. We assumed that missing values were Missing At Random (MAR)19 and 
imputed missing values using the following variables: mortality, mechanism of injury, ISS, 
eye/motor/verbal (E, M and V) component of GCS, SBP, RR, age, with 45 imputations and 10 
iterations. Sensitivity analysis was performed in which only complete cases were included.
The performance measures that were used in this study were discrimination and calibration. 
Discrimination was calculated using the Area Under the Receiver Operating Curve (AUROC), 
including a 95% confidence interval (95% CI). Differences between AUROC were considered 
significant if the 95% CI did not overlap. Calibration was assessed graphically using calibration 
plots. In calibration plots the agreement between observed proportion of survival and the 
predicted probability is visualized using restricted cubic splines.
The performance of modified TRISS for the total group of patients was compared with the 
specific subsets, to determine the effect of inclusion and exclusion of the subsets. The 
statistical programs IBM SPSS version 24 (Chicago, USA) and R version 3.4.0 (R Foundation 
for Statistical Computing, Vienna, Austria) were used for the analyses.
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RESULTS
Baseline characteristics
A total of 72411 patients were included in the BTR. Patients with penetrating injury (N = 2539) 
were excluded because the number of non-survivors (N = 32) was too low to interpret the 
results of discrimination and calibration. Patients with unknown survival outcome (N = 125) 
were excluded from analysis. The excluded patients did not differ in age, RTS, or ISS from the 
total cohort (data not shown). There were 69747 patients used for further analysis, including 
11 514 elderly patients with hip fracture. The eye component, motor component and verbal 
component of the Glasgow Coma Scale were missing in 5995 (8.6%), 6024 (8.6%) and 6162 
(8.8%) observations, respectively. SBP was missing in 11 777 observations (16.9%), RR in 30 
083 observations (43.1%) and ISS was missing in 158 patients (0.2%).
The mortality rate decreased (1.7% vs. 2.1%) in the total cohort after exclusion of elderly 
patients with hip fractures (Table 2). Next, the exclusion of children from the BTR resulted 
in an increase in mortality rate (2.1%). However, the ISS (median [IQR]) remained the same. 
Excluding the elderly from the BTR resulted in a higher percentage of men (60.7%) and a 
lower mortality rate (0.9%), compared to the total cohort.
The exclusion of non-TBI patients and minor injury resulted in older age (55.3 (SD:23.9) 
and 60.6 (SD:22.3) respectively) and higher mortality rates (12.1% and 12.8% respectively). 
Patients with LOS > 2 had a mean (SD) age of 60.6 (22.9) and a mortality rate of 3.4%.
Patients in the level I trauma center were younger (45.4 [SD: 27.6]), had a higher mortality 
rate (4.5%), and had a higher median ISS (9 [IQR: 4–11]) compared to the level II and III trauma 
centers (mortality rate: 1.2%, age: 47.9 [SD:27.9] and ISS [IQR]: 5 [4–9]).
Discrimination
No differences were found between complete case analysis and the imputed dataset for 
discrimination (data not shown). The AUROC of the total cohort was 0.84 (95% CI: 0.83, 
0.85) and for the elderly patients with hip fracture 0.53 (95% CI: 0.51, 0.56) (Figure 1). After 
exclusion of the elderly patients with hip fracture the AUROC of the different subsets ranged 
from 0.72 (95% CI: 0.70, 0.74) for the subset older than 75 years to 0.93 (95% CI: 0.91, 0.94) 
for the subset level I trauma center. The subset with exclusion of children, the subset with 
elderly patients, the selections based on ISS, LOS > 2 days and the subset with only level II 
and III trauma centers decreased the discriminative ability significantly. Discrimination was 
significantly higher in the Level I trauma center than in the level II and III trauma centers.
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FIGURE 1. Discrimination of the modified TRISS for the total cohort and subpopulations.
List of abbreviations: AUROC, Area Under Receiver Operating Curve; CI, Confidence Interval; ISS, Injury 
Severity Score; LOS, Length of Stay; TBI, Traumatic Brain Injury.
*Patients with hip fracture were considered equal to or older than 65 years, ISS < 13 and one of 
the following AIS 1998 codes 851808.3, 851810.3 or 851812.3.
Calibration
Calibration curves for the modified TRISS were shown in Figure 2. There were no apparent 
differences between calibration of the total cohort and the complete cases. The total cohort 
showed predictions close to the identity line, thus equal observed proportion and predicted 
probabilities. After exclusion of the elderly patients with hip fracture, the cohort showed 
higher observed proportion of survival compared to the predicted probabilities in the 
highest Ps bins (0.8–1.0).
The subset ≤ 75 years old showed a higher observed proportion of survival compared to 
the total cohort, especially in the highest Ps bins (0.5–1.0). The subset of elderly showed a 
significant overestimation of the predicted survival rate.
The calibration curve of the TBI subset showed an underestimation of the predicted 
probabilities of the TRISS in the lower Ps bins (0.0–0.3) and an overestimation of the higher 
Ps bins (0.3–1.0). The non-TBI patients showed a significant underestimation of the predicted 
probability of survival in all probability bins. Calibration of the subset with an ISS > 15 showed 
a similar curve as the TBI subset. The subset LOS > 2 showed an calibration curve close 
to the identity line. The level I trauma center had higher observed proportion survivors in 
the lower Ps bins (0.0–0.7) but lower observed proportion in the higher Ps bins (0.7–1.0) 
compared to the predicted probabilities. The calibration curve of the subset with only level 
II and level III trauma centers was close to the identity line.
FIGURE 2. Calibration curves for the modified TRISS in the total cohort and in different sub-
sets of patients.
List of abbreviations: ISS, Injury Severity Score; LOS, Length of Stay; TBI, Traumatic Brain Injury.
*Cohort, excluding patients with hip fracture (patients with hip fracture were considered equal 
to or older than 65 years, ISS < 13 and one of the following AIS 1998 codes 851808.3, 851810.3 or 
851812.3).
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DISCUSSION
Prediction models need to be reliable if used in evaluating the quality of trauma care. 
Although discrimination of the modified TRISS in the total trauma cohort was adequate, 
the model performed much better when excluding elderly, with or without hip fractures. 
Overall, calibration of the modified TRISS was adequate for the total cohort. However, the 
model overestimates the survival for the elderly and underestimates survival for patients 
without TBI.
Discrimination of a model is dependent on the distribution of prognostic factors. 
Discrimination in the elderly (with hip fractures) could be low because the heterogeneity of 
the case-mix decreased. In contrast to discrimination, calibration of the cohort excluding 
elderly with hip fractures showed no differences compared to calibration of the total cohort. 
The lack of differences in the calibration plot could be explained by the high number of 
patients remaining in the highest predicted probability group after excluding the relative low 
number of elderly with hip fractures. The NTDB encourages researchers to use inclusion and 
exclusion criteria in the data registry to create a more homogeneous group; for example, 
hip fractures should be excluded or analyzed separately, which is also confirmed by Gomez 
et al.17,18. In contrast, others argue that elderly with isolated hip fracture should be included 
in the trauma registry20. Elderly with hip fracture comprise currently 17% of the total Dutch 
trauma population2. Due to the aging population and the high incidence of falls within these 
often frail patients, the number of elderly in the trauma registries with hip fractures will 
increase the following decades. However, this study supports the fact that elderly with hip 
fracture should be excluded for general trauma center benchmarking when the modified 
TRISS is used and should be analyzed separately for benchmarking purposes using a more 
specific prediction model. Nevertheless, if it could be achieved to develop a model with 
accurate predictions in all subsets, it is preferable to include elderly with hip fractures for 
evaluation of quality care, to cover all trauma related injuries.
Another explanation of the moderate discrimination in elderly could be explained by the 
lack of measures for frailty in the model. Next to frailty, dichotomization of age leads to a 
loss of information, and could be one of the main reasons for the poor performance of the 
modified TRISS in the elderly21,22. Also, elderly often suffer from comorbidities, which could 
be important predictors of mortality in the aging population17,23-25. Some of these issues were 
already incorporated in previously developed models26-28. However, comorbidity measures 
and frailty are not incorporated in the Dutch Trauma Registry and could therefore not be 
used in benchmarking trauma care.
The TBI subset had accurate predictions among the lower survival probabilities intervals 
in the TBI subset. However, the higher intervals showed an overestimation of the survival 
predictions. Previous research suggested an inability of ISS to account enough for multiple 
injuries to the same body region29. While mortality is often attributed to TBI, severe TBI is 
often not entirely captured by a measure such as the ISS. Champion et al.30 suggested to 
include all anatomic injuries for more accurate survival prediction in patients with TBI.
There are some limitations to this study. First, the modified TRISS is developed in the Dutch 
trauma population, including the BTR. Results could differ if this model is validated in an 
external cohort (i.e. a cohort that is not incorporated in the Dutch trauma registry). The 
study may not be generalizable to other settings with different patient composition. Second, 
missing values are a common problem in trauma registries. Ignoring them could influence 
the results and decrease the statistical power. Multiple imputation is an increasingly chosen 
solution to minimize bias and increase precision31-33. The imputation model applied in this 
study was based on literature34. Therefore, we assume that no major bias occurred, as 
confirmed by the similar results in a complete case analysis. However, it could also be argued 
to exclude predictors with a high proportion of missing values (e.g. RR in the modified TRISS) 
for more optimal predictions. Next, patients with unknown mechanism of injury (N = 1172) 
were included as patients with blunt injuries. It is unlikely this influenced the results, since 
most trauma patients have blunt injury2. In addition, the use of AIS98 is considered a 
shortcoming. The BTR included AIS08 codes from 2015 onwards, but conversion of AIS98 to 
AIS08 showed to be unreliable35. However, to obtain power to assess performances among 
subsets of the registry more years with old AIS98 codes were used, instead of two years 
with newer AIS08 codes. Last, we note that the outcome measure, in-hospital mortality, is 
a poor measure of outcome. A better outcome would be 30-day mortality. However, this 
outcome is not reported in the trauma registry.
The current overall mortality rate in the Netherlands of the acute hospitalized trauma 
population is only 2%. Therefore, it could be suggested that mortality is not the most 
important outcome to evaluate trauma care. With the decrease in mortality rates in the 
developed countries, trauma care could also be assessed with nonfatal outcome measures.
Outcome comparison conducted with the modified TRISS should be interpreted with care, 
because the performance of the model is highly dependent on the case mix of the patients 
included in the registry. The quality of care in the elderly should not be evaluated when the 
modified TRISS is used. If it could be achieved in the future to develop a model with accurate 
predictions in all subsets, it is preferable to include elderly for evaluation of quality care to 
cover all trauma related injuries. Predictors should be readily available and easy to collect 
in the current trauma registry.
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ABSTRACT
Introduction The overestimation of survival predictions in the ageing trauma population 
results in negative benchmark numbers in hospitals that mainly treat elderly patients. The 
aim of this study was to develop and validate a modified Trauma and Injury Severity Score 
(TRISS) for accurate survival prediction in the ageing blunt trauma population.
Methods This retrospective study was conducted with data from two Dutch Trauma regions. 
Missing values were imputed. New prediction models were created in the development 
set, including age (continuous or categorical) and Anesthesiologists Physical Status (ASA). 
The models were externally validated. Subsets were created based on age (≥75 years) and 
the presence of hip fracture. Model performance was assessed by proportion explained 
variance (Nagelkerke R2), discrimination (Area Under the curve of the Receiver Operating 
Characteristic, AUROC) and visually with calibration plots. A final model was created based 
on both datasets.
Results No differences were found between the baseline characteristics of the development 
dataset (n = 15,530) and the validation set (n = 15,504). The inclusion of ASA in the prediction 
models showed significant improved discriminative abilities in the two subsets (e.g. AUROC 
of 0.52 [95% CI: 0.46, 0.58] vs. 0.74 [95% CI: 0.69, 0.78] for elderly patients with hip fracture) 
and an increase in the proportion explained variance (R2 = 0.32 to R2 = 0.35 in the total 
cohort). The final model showed high agreement between observed and predicted survival 
in the calibration plot, also in the subsets.
Conclusions Including ASA and age (continuous) in survival prediction is a simple 
adjustment of the TRISS methodology to improve survival predictions in the ageing blunt 
trauma population. A new model is presented, through which even patients with isolated 
hip fractures could be included in the evaluation of trauma care.
INTRODUCTION
Accurate survival predictions are necessary for reliable comparisons of the quality of care 
between centers. The Dutch Trauma Registry (DTR) is a nationwide registry collecting trauma 
data of approximately 80.000 admitted patients annually in the Netherlands1,2. The DTR 
updated the coefficients of the Trauma and Injury Severity Score (TRISS) and used this 
updated TRISS for evaluation of trauma care1,3. This model has accurate survival predictions 
when looking at the trauma population in general, but showed an overestimation of survival 
in the elderly trauma patient4,5.
Patients with isolated hip fractures are often excluded from trauma registries6. Nevertheless, 
the purpose of the trauma registry is to document and gain insight into the full spectrum of 
admitted trauma patients, including the elderly7. In 2016, 18.2% of the Dutch population was 
aged 65 years or older and it is expected that this number will increase to 26.5% in 20408. 
Because the elderly remain more active later in life, it is likely that the proportion of elderly 
trauma patients will increase as well. Hence, the Dutch trauma registry includes patients 
with isolated hip fractures, and includes them for the evaluation of quality of care. Currently, 
almost 20% of the registry comprises elderly patients with hip fracture. Because survival 
predictions will be overestimated in the elderly, the benchmark numbers (e.g. W-statistic 
[Ws]9) provided from the updated TRISS are negatively biased, especially in hospitals that 
mainly treat elderly patients5.
Previously developed scoring systems for elderly with hip fracture, like the Nottingham 
Hip Fracture Score10, are often based on variables that are not collected in the Dutch 
trauma registry (e.g. comorbidities present at time of hip fracture11,12, the abbreviated 
mental test score [AMTS]13 or frailty11,13) and could therefore not be applied to the Dutch 
trauma population. Other previously developed models based on the TRISS methodology 
incorporated age as a categorical or continuous predictor and added comorbidity to the 
survival prediction model14–19. Although these models have the potential for accurate 
predictions in the total (and ageing) Dutch trauma population, the models were not solely 
assessed to the elderly trauma population and patients with isolated hip fractures were 
often excluded from the analyses.
Benchmark numbers should be comparable and accurate among all trauma subsets. 
Predictors for survival models should be reliable for the total trauma population and should 
be readily available from the trauma registry. The aim of this study was to develop and 
validate a modified TRISS with simple and minimal adjustments with variables available in 
the Dutch trauma registry.
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METHODS
Patient selection
This research was a retrospective cohort, conducted with registry data from two of the 
eleven trauma regions in the Netherlands: Network Emergency Care Brabant and Network 
Emergency Care Euregio. The first region included 12 emergency departments and was 
located in the South of the Netherlands, and the latter region was located in the east of 
the Netherlands with 4 emergency departments. Both regions included one level I trauma 
center and both regions included rural as urban areas.
The registry collected data from patients with injury that were admitted to one of the 
hospitals of the two regions after visiting the Emergency Department (ED) within 48 hours 
after trauma, independent of injury severity. Also, patients who died in the ED or secondary 
referrals were registered. Patients who were dead on arrival were excluded. Data was 
anonymized prior to access.
Two datasets were created, based on year of admission. The development set consisted 
of all observations from 2015 from the two regions (N = 16,095), including elderly patients 
(with hip fracture). The validation set consisted of all observations from 2016 (N = 16,073), 
including elderly patients (with hip fracture).
Data collection and predictors
Information about the injury, prehospital and hospital physiological data, Abbreviated Injury 
Scale (2008) (AIS08)20, and demographic variables were collected. The Dutch trauma registry 
did not include information about comorbidities other than the Anesthesiologists Physical 
Status (ASA)21.
The prehospital Eye (E), Motor (M), and Verbal (V) components of the Glasgow Coma Scale 
(GCS)22 and prehospital Respiratory Rate (RR) were used for patients who were sedated 
before arrival in the hospital. Also, the prehospital value for the V component of the GCS 
and RR were selected for intubated patients. Patterns of missing values for the survival 
predictors were analyzed. Missing values were considered Missing at Random (MAR) and 
missing predictor variables were imputed according to multiple imputation23. Missing 
values were imputed 30 times in both the development and validation set, according to the 
maximum percentage of missing values. The development set consisted of 3.5%, 3.6%, 3.7%, 
28.8%, 9.9%, 1.1% and 9.2% missing values for E, M, V, RR, Systolic Blood Pressure (SBP), ISS 
and ASA respectively. The validation set consisted of 2.1%, 2.1%, 2.2%, 27.0%, 8.9%, 0.7% and 
8.2% missing values for E, M, V, RR, SBP, ISS and ASA respectively. The imputation processes 
were assessed with convergence plots, which showed no trends.
Patients with penetrating injury (development set: N = 523 [3.2%] and validation set: N = 525 
[3.3%]) were excluded, because the number of deaths was too low to assess the model 
performances adequately. Also, patients with unknown mechanism of injury (development 
set: N = 42 [0.3%] and validation set: N = 47 [0.3%]) were excluded from further analyses.
Model development
Coefficients were calculated for five different models in the development dataset, with 
increasing number of parameters in the models and in-hospital mortality as outcome (Table 
1). Model 1 is the updated TRISS as used in the Dutch Trauma Registry, with coefficients 
from 20151. The other models were adjusted with age as categorical or continuous variable, 
and/or ASA was added to the model. The assumption of linearity in the logit was assessed 
for all linear variables.
If no deviant model performances were found between the development dataset and the 
validation dataset because characteristics between sets were closely related, a final model 
was developed in a combined dataset (combining development dataset and validation 
dataset, N = 31,034)24. Year of admission was included and assessed as predictor in this 
final model.
TABLE 1. Variables that are incorporated in the different models.
GCS SBP RR ISS Age ASA
Codeda Codeda Codeda Linear Dichotomous Categorical Continuous Categoricalb
Model 1 X X X X X
Model 2 X X X X X X
Model 3 X X X X X
Model 4 X X X X X X
Model 5 X X X X X
Model 6 X X X X X X
Abbreviations: ASA, Anesthesiologists Physical Status; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; 
RR, Respiratory Rate; SBP, Systolic Blood Pressure.
aVariables were coded according to the Revised Trauma Score calculations.
bASA classification; ASA-1: a normal healthy patient, ASA-2: a patient with mild systemic disease, 
ASA-3: a patient with severe systemic disease, ASA-4: a patient with severe systemic disease that 
is a constant threat to life.
5
116 117
IMPROVED SURVIVAL PREDICTION IN THE AGEING TRAUMA POPULATIONCHAPTER 5
Subsets
The models were developed in the total trauma population. Because previous research 
showed poor performance of the updated TRISS in the elderly with and without hip fracture5, 
two subsets were created in both the development and the validation dataset to validate 
the performance of the new models. The first subset consisted of elderly patients ≥75 years. 
The second subset consisted of patients suffering hip fracture, defined as ≥65 years with 
AIS08-codes 853161.3, 853162.3, 853151.3 and 853152.3, and ISS≤13.
Statistical analysis
Data was reported according to the Transparent Reporting of a multivariable prediction 
model for individual Prognosis Or Diagnosis (TRIPOD) statement25. Because the models were 
pre-specified, the shrinkage principle is applied; the regression coefficients were meant for 
less extreme predictions, i.e. a better calibration. A shrinkage factor was calculated with s 
as uniform shrinkage factor and shrunk regression coefficients were calculated as s*β. The 
shrinkage factor (s) is based on the following formula: s = (Model χ2 – df) / Model χ2 , with 
model χ2 as the difference in 2log likelihood between the model with and without predictors 
and df as the degrees of freedom of the number of predictors considered for the model26,27. 
The intercept was recalculated, based on the shrunken coefficients.
The proportion of variance that is explained by the model is calculated with Nagelkerke 
R square (R2)28. Model performance was assessed by discrimination and calibration. 
Discrimination was measured using the Area Under the curve of the Receiver Operating 
Characteristic (AUROC). Differences between AUROC were considered significant when the 
95% Confidence Intervals (CI) did not overlap, implying a p-value <0.01 for the difference 
in AUROC.
Calibration was assessed visually with calibration plots. The models were externally validated 
by calculating the survival prediction for each model using the shrunken coefficients in the 
validation set, and were assessed on performance in both the validation set as in its subsets.
Data cleaning and multiple imputation were done using IBM SPSS version 24 (Chicago, USA). 
R version 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria) was used for the 
drawing of the calibration curves. Calibration curves were created based on cubic splines.
TABLE 2. Patient characteristics for the development and validation set.
Development set Validation set
Total ≥75 years ≥65 years with hip#b Total ≥75 years
≥65 years 
with hip#
N 15,530 5,369 2,599 15,504 5,405 2,689
Age (mean, SD) 54.8 (29.1) 84.2 (7.0) 81.8 (8.0) 54.8 (29.2) 84.1 (7.1) 81.8 (8.0)
Male (N, %) 7672 (49.4) 2572 (34.6) 801 (30.8) 7764 (50.1) 2584 (35.0) 774 (28.2)
ASA (N, [%])b
 1
 2
 3
 4
6865 (44.2)
5649 (36.4)
2928 (18.9)
88 (0.6)
403 (7.5)
2773 (51.6)
2140 (39.9)
53 (1.0)
229 (8.8)
1280 (49.2)
1062 (40.9)
28 (1.1)
6898 (44.5)
5630 (36.3)
2842 (18.3)
134 (0.9)
397 (7.3)
2824 (52.2)
2106 (39.0)
78 (1.4)
231 (8.6)
1301 (48.4)
112 (4.2)
45 (1.7)
Mortality (N, %) 375 (2.4) 279 (5.2) 205 (4.2) 322 (2.1) 233 (4.3) 179 (3.8)
E (N, [%])c
 Normal
 Abnormal
14462 (93.1)
1068 (6.9)
5035 (93.8)
334 (6.2)
2490 (95.8)
109 (4.2)
14626 (94.3)
878 (5.7)
5164 (95.5)
241 (4.5)
2604 (96.8)
85 (3.2)
M (N, [%])c
 Normal
 Abnormal
14675 (94.5)
855 (5.5)
5087 (94.7)
282 (5.3)
2490 (95.8)
109 (4.2)
14889 (96.0)
615 (4.0)
5209 (96.4)
196 (3.6)
2606 (96.9)
83 (3.1)
V (N, [%])c
 Normal
 Abnormal
13971 (90.0)
1559 (10.0)
4832 (90.0)
537 (10.0)
2398 (92.3)
201 (7.7)
14058 (90.7)
1446 (9.3)
4903 (90.7)
502 (9.3)
2491 (92.6)
198 (7.4)
RR (N, [%])c
 Normal
 Abnormal
15203 (97.9)
327 (2.1)
5267 (98.1)
102 (1.9)
2554 (98.3)
45 (1.7)
15148 (97.7)
356 (2.3)
5297 (98.0)
108 (2.0)
2649 (98.5)
40 (1.5)
SBP (N, [%])c
 Normal
 Abnormal
14995 (96.6)
535 (3.4)
5262 (98.0)
107 (2.0)
2559 (40)
40 (1.5)
15050 (97.1)
454 (2.9)
5306 (98.2)
99 (1.8)
2659 (98.9)
30 (1.1)
ISS (median, IQR) 4 (2, 9) 9 (4, 9) 9 (9, 9) 4 (2, 9) 9 (4, 9) 9 (9, 9)
Abbreviations: ASA, Anesthesiologists Physical Status; E, Eye component of the Glasgow Coma Scale; hip#, hip 
fracture; IQR, Inter Quartile Range; ISS, Injury Severity Score; M, Motor component of the Glasgow Coma Scale; 
ref, reference group; RR, Respiratory Rate; SBP, Systolic Blood Pressure; V, Verbal component of the Glasgow Coma 
Scale.
aPatients with hip fractures were defined as ≥65 years with AIS08-codes 853161.3, 853162.3, 853151.3 
and 853152.3, and ISS<13.
bASA classification; ASA-1: a normal healthy patient, ASA-2: a patient with mild systemic disease, ASA-3: 
a patient with severe systemic disease, ASA-4: a patient with severe systemic disease that is a constant 
threat to life.
cNormal values for E, M and V were 4, 6 and 5 respectively. Normal value of RR was considered between 
10 and 29 per minute and the normal value for SBP was >89 mm Hg.
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RESULTS
Patient characteristics
Development set
A total of 15,530 observations were used for the model development (Table 2). The mortality 
rate in the total population was 2.4% (n = 375) and 49.4% (n = 7,672) was male. Mean age 
was 54.8 years (SD: 29.1) and the median (Interquartile Range [IQR]) ISS was 4 (2–9). The 
population consisted of 5,369 patients equal to or older than 75 years and a total of 2,599 
patients (16.7%) were ≥65 years with a hip fracture.
Validation set
A total of 15,504 observations were used for external validation (Table 2). The mortality rate 
in the validation set was 2.1% (n = 322) and 50.1% (n = 7,764) was male. Mean age was 54.8 
years (SD: 29.2) and the median (Interquartile Range [IQR]) ISS was 4 (2–9). A total of 5,405 
patients were equal to or older than 75 years and a total of 2,689 patients (17.3%) were ≥65 
years with a hip fracture. No differences were found between the baseline characteristics 
of the development dataset and the validation set.
Performances
The coefficients of the models were shown in Table 3. The assumption of linearity in the 
logit was met for all continuous predictors, indicating that there were no transformations 
necessary. The shrinkage factors were very close to 1, indicating no overfit (s = 0.99).
The explained variance in model 1 was lower compared to all other models (R2: 0.27 vs. 0.32 
to 0.35 respectively) (Table 3). The highest R2 was found in model 4 (R2 : 0.35).
The discriminative ability of the models for the total validation dataset and its subsets 
were shown in Table 3. Discrimination improved significantly after restructuring the age 
component (from AUROC 0.85 [95% CI: 0.83, 0.87] for model 1 to 0.88 [95% CI: 0.87, 0.90] 
for model 5 with age as linear predictor) (Table 3). After inclusion of the ASA classification, 
the discriminative ability increased to 0.91 (95% CI: 0.90, 0.93). The validation subset with 
the elderly showed an discriminative ability of 0.68 (95% CI: 0.65, 0.72) for model 1, with 
an significant increase of discriminative ability for model 6 (0.78 [95% CI: 0.75, 0.81]). The 
validation hip fracture cohort showed a significant increase in discriminative ability between 
model 1 and model 6 (AUROC: 0.52 [95% CI: 0.46, 0.58] and AUROC: 0.74 [95% CI: 0.69, 
0.78] respectively). The inclusion of ASA in the prediction models showed significant higher 
discriminative abilities in the two subsets.
Calibration curves for the elderly in the validation set were shown in Figure 1. There was 
an overestimation of the survivors in the elderly for model 1. The models that incorporate 
age as categorical or continuous predictor improved calibration. No differences were 
found between the calibration curves with categorical or continuous age predictor (results 
not shown). Including ASA as predictor in addition to the age variable showed a small 
improvement in calibration.
FIGURE 1. Calibration curves of model 1 (left), model 5 (middle) and model 6 (right) in the 
elderly subset (≥75 years) of the validation cohort. 5
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Final model
The final model was developed in a combination dataset (n  =  31,034) including both 
the development as the validation set, because baseline characteristics and model 
performances were equal in both datasets (Tables 2 and 3). Year of injury was not significant 
as predictor with a coefficient close to 0, and was therefore excluded from the model. ASA 
and age (continuous) were included in the final model, based on the best performances 
from the validation study. The shrinkage factor indicated no overfit (s = 1.00). The formula 
and coefficients of the final model are presented below:
 , 
with b = 4.418 + 0.747*GCS + 0.273*SBP + 0.411*RR – 0.133*ISS – 0.055*Age – 0.546*ASA 
2 –1.626*ASA 3–2.929*ASA 4.
R2 for the final model was 0.35 with a AUROC of 0.91 (95% CI: 0.90, 0.92). The AUROC 
was 0.78 (95% CI: 0.76, 0.80, n = 10,774) in the elderly subset and 0.73 (95% CI: 0.70, 0.76, 
n = 5,288) for elderly patients (≥ 65 years) with hip fracture. The calibration curve showed 
high agreement between observed survival proportions and predicted survival probabilities 
in the elderly (Figure 2).
FIGURE 2. Calibration curve of the final model in the elderly subset (≥ 75 years) of the vali-
dation cohort.
DISCUSSION
Adequate predictions are necessary to compare the quality of care between centers. It 
has been shown previously that the updated TRISS is not an adequate prediction model in 
the elderly trauma population. To provide more accurate predictions in trauma subsets in 
the current ageing trauma population, we believe that only small adjustments in the TRISS 
methodology could be sufficient, without developing a complex new model. This study 
showed that small adjustments of the traditional TRISS model improved the predictive 
performance, especially in the elderly.
Many different models were developed to provide accurate predictions for trauma 
populations around the world29. Although TRISS has several known shortcomings, it is still 
one of the international standards for evaluating the quality of trauma care and showed to 
be adequate for survival prediction in general29–31. Survival predictions of the updated TRISS 
in different subsets of the trauma population showed overestimation of survival in the older 
trauma patients. This implies that the quality of care in hospitals that mainly treat elderly 
patients seems to be worse than hospitals treating younger patients. These misleading 
outcomes could be adjusted by incorporating simple available variables in the formula, i.e. 
age as categorical (with more than 2 categories) or as a continuous variable in the TRISS. 
Although some studies showed an equivalent performance after these adjustments of age 
in the TRISS model14,32, others showed better predictive ability33,34. The latter is also reflected 
in this study. The models showed an improvement of predictive ability in the general trauma 
population and calibration of the adjusted models improved significantly in the elderly. 
For benchmark purposes, re-categorization or restructuring of age is a beneficial small 
adjustment to improve survival predictions and benchmark numbers.
In addition, the elderly trauma population suffers often from comorbidities. Comorbidity 
can be expressed in many different ways. Prediction models that incorporate comorbidity 
include for example ASA and the Charlson Comorbidity Index18,35–38. Comorbidity can also be 
dichotomized or incorporated as a continuous variable; in which the presence of comorbidity 
or the amount of comorbidities are measured respectively14–16,39,40. Data on comorbidity in 
trauma patients has to be collected manually and is an extensive and time consuming effort. 
ASA classification is automatically coded in the medical records of patients who needed 
surgery and could relatively easy be included in the trauma registry. However, previous 
research showed some contradictions concerning ASA. On the one hand, the ASA scale is 
suggested to be a reliable mean of classifying pre-existing comorbidity in trauma patients40 
and showed to be an independent predictor of mortality after trauma39. On the other hand, 
it is suggested that ASA is a subjective and inconsistent measure, which could vary between 
observers41–43. It is therefore possible that other comorbidity measures provide different 
results compared to ASA. Nevertheless, this study showed an improvement of the predictive 
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ability after including ASA in the prediction models, especially in the elderly subset with a 
hip fracture.
This retrospective study has several limitations. Although the discriminative ability of the 
new model in elderly patients with hip fracture was adequate (AUROC of 0.73), it could be 
much higher. Other variables are considered important predictors for mortality in geriatric 
trauma patients (e.g. frailty and AMTS)10,44,45. The Dutch Trauma Registry did not incorporate 
these measures, hence comparison between other models and this new presented model 
could not be made. However, this model is used as prognostic tool for the evaluation of 
trauma care, based on a population wide registry and is not used for diagnostic purposes. 
Therefore, we believe the high agreement between observed survival and predicted survival 
probabilities as shown in the calibration curves is of more importance. In addition, this 
study used in-hospital mortality as outcome measure. This outcome could be subject to 
bias by differences in hospital discharge practices46. Hospitals in which patients were longer 
admitted might have higher in-hospital mortality rates compared to hospitals in which 
patients were quickly discharged to other facilities. However, the alternative, e.g. 30-day 
mortality, is only incorporated in the Dutch trauma registry from 2014 onwards and is often 
missing (40% in 2014 and 24% in 2015).
Conclusion
The inclusion of age as categorical or continuous predictor and ASA in survival prediction is 
a simple and effortless adjustment of the TRISS methodology to improve predictive ability 
and calibration in the ageing Dutch blunt trauma population. A new model is presented, 
through which even patients with isolated hip fractures could be included in the evaluation 
of trauma care.
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ABSTRACT
Introduction Trauma could have a serious impact on health status (HS). The aim of this 
study was to (1) assess the predictive value of the functional capacity index (FCI) for 12-
month HS in the trauma population compared to the injury severity score (ISS) and most 
severe abbreviated injury scale (max-AIS) and (2) assess different possibilities to incorporate 
multiple injuries into one FCI score.
Methods Adult injury patients (≥18 years), admitted from August 2015 until November 2016 
within 48 hours after injury to an ICU or a ward in the Netherlands and survived to hospital 
discharge, were included in the study. HS was measured with the EuroQol-5D-3L (EQ-5D) 
and EuroQol Visual Analogue Scale (EQ-VAS) 12 months after injury. Missing values were 
imputed. Correlations were calculated between HS and the FCI, combination scores of the 
FCI, ISS and max-AIS. The predictive value was assessed univariable and multivariable, in 
addition to age and comorbidity.
Results A total of 3,063 (31% of total eligible patients) and 2,328 (24% of total eligible 
patients) patients completed the EQ-5D and EQ-VAS at 12 months after injury respectively. 
The highest correlation was found for the EQ-5D utility and the minimal FCI-score (min-FCI) 
(ρ = 0.167, p<0.001). R2 increased significantly to 14.4% for the EQ-5D utility score after the 
addition of min-FCI to the multivariable regression model with ISS, comorbidity and age as 
predictors. Max-AIS showed to be the best predictor for the EQ-VAS.
Conclusion FCI only predicts a small proportion of the variability for HS 12 months after 
injury. AIS-max and ISS showed to be better predictors. Nevertheless, next to ISS, age and 
comorbidity, the FCI significantly improved prediction of HS. FCI combination scores for 
multiple injuries showed no additive predictive ability compared to the FCI.
INTRODUCTION
Trauma is one of the leading causes of death and disability1,2. While mortality rates following 
injury decreased the last decades in developed countries, there is a high prevalence of 
morbidity among survivors3,4. This requires an extension of focus for the evaluation of 
trauma care quality to non-fatal outcome.
Injury severity is a well-known predictor for mortality in the trauma population. The 
Abbreviated Injury Scale (AIS)5 provides a severity score for every sustained injury. The 
Injury Severity Score (ISS)6 combines these AIS severities into one score to deal with multiple 
injuries, by adding the square of the three most severe injuries in three different body 
regions. Both the maximal AIS severity and the ISS are used in survival prediction models.
Predictors for non-fatal outcome are not yet clearly defined. MacKenzie et al. (1996)7 
designed the Functional Capacity Index (FCI) to reflect functional limitations or reduced 
capacity one year after injury. It is an aggregated score across ten dimensions of function 
(e.g. visual, cognitive, speech). The FCI scores are linked to anatomic descriptions, provided 
through the AIS-codes. The scores originally range from 0 to 100, but the AIS dictionary 
was extended with an updated and truncated version of the FCI (pFCI08) ranging from 1 
(worst functional limitation) to 5 (no functional limitation) after the update of AIS-codes in 
2008 (AIS08)5.
The use of the FCI in trauma outcome studies is scarce8-14. McMurry et al. (2015) developed 
whole body scores for the FCI that account for multiple injuries but can only be calculated 
by knowing the original algorithm which is not available8,12,15. Other studies that included 
patients with multiple injuries assumed that the worst injury, and thus the lowest FCI score, 
was equivalent to the overall functional loss7,16. However, this method was never validated9. A 
recent study assessed multiple methods to comprise one FCI score accounting for multiple 
injuries. Although this study was only performed in major injury, they concluded that it 
did not improve prediction compared with AIS-based scores14.Trauma could have a major 
impact on the patients’ perceived health status, also in patients with minor injury17,18. Health 
status (HS) is defined as the impact of disease on patients’ physical, psychological, and social 
functioning19. It is possible that the FCI could be a valuable predictor for poor HS 12 months 
after injury in the total clinical trauma population. The aim of this study was to (1) assess the 
predictive value of pFCI08 for 12-month HS in the trauma population in comparison with 
the ISS and AIS-max and (2) assess different possibilities to incorporate multiple injuries 
into one FCI score.
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METHODS
Participants
All adult injury patients, aged ≥18, who were admitted from August 2015 until November 
2016, within 48 hours after injury to an ICU or a ward in one of the ten hospitals in the 
county Noord-Brabant, the Netherlands, and survived to hospital discharge were included 
in the study. Patients with insufficient knowledge of the Dutch language, with a pathological 
fracture, or with no place of residence were excluded from the study. If patients were unable 
to complete the questionnaire due to dementia or other neurological conditions, a proxy 
informant was asked to complete the questionnaires (i.e. family member or caregiver).
Design and data collection
This multicenter prospective observational cohort study is part of the Brabant Injury 
Outcome Surveillance (BIOS-study)20. Ethical approval was received from the Medical Ethics 
Committee Brabant, the Netherlands (project number NL50258.028.14).
A nurse or medical doctor distributed the first questionnaire if eligible patients were still 
admitted to the hospital. Eligible patients that were discharged one week after injury were 
informed by a research member via telephone and a questionnaire was sent to the home 
address. Patients had the opportunity to start participating in the BIOS-study at 1 week, 
1 month and 3 months. All eligible patients were asked to complete a questionnaire at 
one week, one month, three months, six months and one year after injury. Follow-up 
questionnaires were sent by post or by e-mail, based on the preference of the patient.
An elaboration on the study design can be found elsewhere20. All participants signed an 
informed consent.
All follow up questionnaires from the BIOS study included post-injury HS. Injury 
characteristics and pre hospital data from the Brabant Trauma Registry (BTR) were linked 
to the BIOS data.
Patients who initially did not participate in the (follow-up questionnaires of the) BIOS-study 
were asked to complete a short version of the questionnaire, to increase response. The 
short questionnaire did not include proxy assessment.
Predictors
The predictive ability of ISS and most severe AIS08 score (max-AIS) were assessed and 
compared to the predictive value of FCI, which was based on three different calculations:
- Min-FCI: Categorical variable indicating the lowest pFCI08 score for all body regions ranging 
from 1 (worst possible functional state) to 5 (perfect state).
- FCI-score 3: First, the pFCI08 was recoded to 1 (perfect functional state) to 5 (worst 
functional state). The three worst pFCI08 scores for three different body regions (according 
to the AIS08) were squared, possible range from 1 (perfect functional state) to 75 (worst 
possible functional state).
- FCI-score 9: First, the pFCI08 was recoded to 1 (perfect functional state) to 5 (worst possible 
functional state). The worst pFCI08 scores for all body regions (according to the AIS08) were 
squared, possible range from 1 (perfect functional state) to 225 (worst possible functional 
state).
The latter two options were based on the fact that multiple injuries in different body regions 
result in lower health status compared to the single injuries and were constructed for this 
study.The Injury Severity Score (ISS) was calculated using the AIS 2008 dictionary for injury 
coding5.
Other variables
The FCI was developed in a healthy population aged 18 to 35 years sustaining a single 
injury. Therefore, age and comorbidity are variables that should be accounted for when 
assessing the predictive ability of the pFCI08. Age was available for all eligible patients in 
the BIOS-study. Comorbidity was collected with the American Society of Anesthesiologists 
(ASA) physical status classification system and was automatically merged to the BIOS-study 
from the BTR.
Outcome assessment
Outcome measures were the EuroQol-5 dimensions with 3 levels of severity (EQ-5D-3L) 
and the EuroQol Visual Analogue Scale (EQ-VAS) 12 months post injury. The EQ-5D-3L 
measures HS in five dimensions: mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression. Each dimension consisted of three severity levels: no problems, 
moderate problems or severe problems. A utility score (i.e. HS) was calculated using a 
scoring algorithm, ranging from 0 (dead) to 1 (perfect health). The EQ-VAS is a vertical scale 
with end points of 0 (worst health you can imagine) to 100 (best health you can imagine).
Statistical analysis
Missing values for HS (3.3%, N=104) 12 months after injury for patients that participated at 
12 months, but had missing item scores, were imputed according to multiple imputation 
with 15 imputations and 5 iterations using the multivariate imputation by chained equations 
(MICE) procedure21. The imputation model included utility scores of the outcome variables 
from all follow-up questionnaires, baseline measures, patient characteristics and injury 
characteristics.
Baseline characteristics were determined for the total BIOS-study population and for the 
participants 12 months after injury. Differences between responders and non-responders 
were assessed with chi-square for categorical variables or Mann-Whitney U tests for 
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continuous variables. Mean scores for the EQ-5D utility score and EQ-VAS 12 months after 
injury according to the FCI-score 3 were calculated and graphically displayed in patients aged 
≤69 years. The predictive value of min-FCI, FCI-score 3, FCI-score 9, ISS08 and AIS-max for 
HS 12 months post injury were assessed in the clinical trauma population that completed 
the EQ-5D questionnaire 12 months after injury. First, Spearman (ρ) correlation between 
predictors and HS was calculated. FCI-score 3 and FCI-score 9 were closely correlated 
(г=0.998) and showed similar values for most of the patients. FCI-score 9 was therefore 
omitted for further analyses. The FCI-score 3 and ISS were transformed to accomplish 
linearity between dependent and independent variables (inverse transformation and log-
transformation respectively). Next, statistical significance of the regression coefficients and 
explained variability (R2) were determined in univariable linear regression. The predictive 
value was assessed in multivariable analyses, including age and comorbidity to the models. 
Multicollinearity was assessed with the Variance Inflation Factor (VIF), with VIF above 10 
indicating a multicollinearity problem. If no multicollinearity problem was found, a second 
multivariable model was developed that included an FCI measure and an injury severity 
measure. Nested models were compared by using the F-test. A p-value<0.05 was considered 
statistically significant. Sensitivity analyses were performed on elderly patients (>69 years) 
and on severely injured patients (ISS>15)). Multiple imputation was performed in the 
statistical program R version 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria). 
All other analyses were performed in IBM SPSS version 24.0 (Chicago, USA).
RESULTS
Baseline characteristics
A total of 9,774 trauma patients were eligible to participate in the BIOS-study, of whom 31% 
(N=3,063) and 28% (N=2,328) completed the 12 month follow-up EQ-5D questionnaire and 
EQ-VAS respectively (Figure 1). Participants that completed the EQ-5D had a median ISS 
(IQR) of 6 (4-9) and were mostly patients that sustained injuries at home (59%, N=1,821) or 
by traffic accidents (27%, N=840) (Table 1). Max-AIS ranged from 1 (N=2,438, 25%) to 5 (N=65, 
1%) in the total population of the BIOS-study. The AIS region with most acquired injury was 
lower extremity, followed by head.
The vast majority of participants were coded as healthy or as patients with mild systemic 
disease according to the ASA classification (31% [N=944] and 51% [N=1,566] respectively in 
the EQ-5D cohort and 34% [N=794] and 48% [N=1,125] respectively in the EQ-VAS cohort). 
Overall, responders of the EQ-5D utility score and EQ-VAS at 12 months were more severely 
injured and more healthy compared to the non-responders.
The EQ-5D utility score and EQ-VAS score 12 months after injury in patients aged ≤69 was 
highest among patients in the lowest FCI-score 3 category (FCI-score 3: 1-8). The higher 
the FCI-score 3, the lower the EQ-5D utility score and EQ-VAS score 12 months after injury 
(Figure 2).
TABLE 1. Patient characteristics of all eligible patients for the BIOS-study and the participants at 
12 months that completed the EQ-5D questionnaire and the EQ-VAS.
Total 
eligible 
patients 
BIOS-study
participants
EQ-5D 12 monthsa
participants
EQ-VAS 12 monthsa
p-valuec p-valuec
N 9774 (100) 3063 (32) 2328 (24)
Male gender (N, %) 4736 (49) 1438 (47) .075 1132 (49) .715
Age (median [IQR]) 69 (50-82) 68 (55-79) .668 67 (54-78) <.01
ISS (median [IQR] and N [%])
 1-3
 4-8
 9-15
 ≥16
 unknown
5 (3-9)
2505 (26)
2917 (30)
3484 (36)
438 (5)
430 (4)
6 (4-9)
631 (21)
1043 (34)
1221 (40)
168 (5)
-
<.001 5 (4-9)
466 (20)
814 (35)
920 (40)
128 (6)
-
<.001
max-AIS (N, %)
 1 (least severe)
 2
 3
 4
 5 (most severe)
 unknown
2438 (25)
3026 (31)
3386 (35)
233 (2)
65 (1)
626 (6)
624 (20)
1098 (36)
1220 (40)
95 (3)
26 (1)
-
<.001
461 (20)
859 (37)
918 (39)
69 (3)
21 (1)
-
<.001
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Total 
eligible 
patients 
BIOS-study
participants
EQ-5D 12 monthsa
participants
EQ-VAS 12 monthsa
p-valuec p-valuec
Number of disabling injuries 
(N, %)
 1
 2-4
 >4
 unknown
4662 (48)
3754 (38)
666 (7)
692 (7)
1577 (51)
1241 (41)
245 (8)
-
.188
1201 (52)
934 (40)
193 (8)
-
<.05
AIS regionb (N, %)
 Head
 Face
 Thorax
 Abdomen
 Spine/Neck
 Upper extremity
 Lower extremity
 Missing
3005 (31)
1451 (15)
1198 (12)
229 (2)
812 (8)
2219 (23)
4807 (49)
729 (8)
891 (29)
412 (13)
422 (14)
61 (2)
279 (9)
758 (25)
1765 (58)
-
661 (28)
319 (14)
326 (14)
52 (2)
219 (9)
576 (25)
1346 (58)
-
Cause of injury (N, %)
 Violence
 traffic
 work
 at home
 sports
 other
 unknown
205 (2)
2133 (22)
337 (3)
5417 (55)
468 (5)
121 (1)
1093 (11)
24 (1)
840 (27)
129 (4)
1821 (59)
211 (7)
39 (1)
-
<.001
20 (1)
654 (28)
105 (5)
1349 (58)
175 (8)
25 (1)
-
<.001
ASA (N, %)
 1 (healthy)
 2
 3
 4 (severe threat to life)
 unknown
2458 (25)
3627 (37)
1817 (19)
62 (1)
1810 (19)
944 (31)
1566 (51)
526 (17)
27 (1)
-
<.001
794 (34)
1125 (48)
391 (17)
18 (1)
-
<.001
worst FCI score (N, %)
 5 (best functional status)
 4
 3
 2
 1 (worst functional status)
 unknown
4938 (51)
3424 (35)
310 (3)
323 (3)
87 (1)
692 (7)
1528 (50)
1243 (41)
117 (4)
136 (4)
39 (1)
-
<.001
1165 (50)
929 (40)
96 (4)
110 (5)
28 (1)
-
<.001
amissing values of participants were manually searched for in patients’ medical records or 
imputed according to multiple imputation with multivariate imputation by chained equations 
(MICE) procedure.
bpatients that had at least one injury in the region head, face, thorax, abdomen, spine/neck, 
upper extremity or lower extremity. Differences were not assessed between responders and 
non-responders, because patients could be included in more than one category (if multiple body 
regions were injured).
cdifferences were assessed between responders and non-responders, with chi-square for 
categorical variables and Mann-Whitney U tests for continuous variables.
Abbreviatons: AIS, Abbreviated injury score; ASA, American Society of Anesthesiologists physical status; FCI, 
functional capacity index; IQR, Inter Quartile Range (Q1-Q3); ISS, Injury Severity Score; mCIRS, modified 
Cumulative Illness Rating Scale; N, number;
FIGURE 1. Flow diagram of participants at 12 month follow-up in the BIOS-study.
FIGURE 2. Mean EQ-5D utility score and EQ-VAS score 12 months after injury for patients 
aged ≤69 years according to categories of the FCI-score 3.
TABLE 1 Continued.
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Correlation
The highest correlation with the EQ-5D utility score was found for the min-FCI (ρ = 0.167, 
p<0.001), followed by the max-AIS (ρ = -0.152, p<0.001). The highest correlation with the 
EQ-VAS score was found for the max-AIS (ρ = -0.133, p<0.001), followed by the min-FCI 
(ρ = 0.089, p<0.001). Pearson correlation between EQ-5D utility score or EQ-VAS score and 
ISS08 were ρ = -0.123 and ρ = -0.113 respectively, both p<0.001.
Predictive values
A lower pFCI08 was associated with a lower utility score 12 months after injury (Table 2). 
R2 in the univariate analysis ranged from 1.0% for the ISS08 to 5.0% for max-AIS. Although 
R2 was highest for max-AIS, only two categories of AIS score showed significant regression 
coefficients. Linear regression with pFCI08 as categorical predictor (min-FCI) resulted in a 
R2 of 2.9%, which increased to 14.4% after adjustment of age and comorbidity. F-change 
showed that the addition of min-FCI, FCI-score 3, ISS08 and max-AIS significantly increased 
the predictive ability next to age and ASA.
Univariate analysis to predict EQ-VAS with the min-FCI, FCI-score 3, ISS08 or max-AIS showed 
an R2 of 1.6%, 0.5%, 0.7% and 3.3% respectively, indicating that the predictors explain less 
variability for the EQ-VAS score than for the EQ-5D utility score. Not all regression coefficients 
of the min-FCI were significant for predicting the EQ-VAS. The multivariable linear regression 
showed a proportion explained variability ranging from 15.4% for the FCI-score 3 and ISS08 
to 16.0% for max-AIS.
A second multivariable model is constructed by adding ISS08 to the regression model (VIF 
< 10) (Table 3). R2 significantly increased to 14.5% for the EQ-5D utility score with min-FCI 
as predictor. The proportion explained variability only increased significantly in predicting 
the EQ5D-utility after addition of the min-FCI or the FCI-score 3 next to age, ASA and ISS08.
Sensitivity analyses on the subset aged >69 years (N=1437 for EQ-5D utility score and N=992 
for EQ-VAS) showed that the min-FCI significantly improved the models in predicting the 
EQ-5D utility and the EQ-VAS (Supplemental table 1). The FCI-score 3 only improved the 
predictive ability of the model for the EQ-5D utility.
Sensitivity analyses on severely injured patients (N=168 for EQ5D utility score and N=128 
for EQ-VAS) showed that the FCI-score 3 significantly improved the predictive ability of the 
models predicting both EQ-5D utility and EQ-VAS (Supplemental table 2). The min-FCI only 
improved the predictive ability of the model for the EQ-VAS.
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TABLE 3. Regression coefficients with 95% confidence interval and R2 for multivariable linear 
regression predicting EQ-5D utility score or EQ-VAS score 12 months after injury.
EQ5D utilitya EQVASa
min-FCI
 1
 2
 3
 4
 5
R2 (R2 change)c
F-change (df)c
-0.11 (-0.19, -0.04)**
-0.08 (-0.12, -0.04)***
-0.05 (-0.10, -0.01)*
-0.05 (-0.07, -0.03)***
ref
14.5% (1.0%)
9.38 (4)***
-4.52 (-11.03, 2.00)
-3.57 (-6.88, -0.26)*
-0.68 (-4.20, 2.84)
-1.45 (-3.05, 0.14)
ref
15.7% (0.3%)
1.92 (4)
FCI-score 3b
R2 (R2 change)c
F-change (df)c
0.13 (0.06, 0.20)***
13.9% (0.4%)
14.91 (1)***
4.76 (-0.55, 10.07)
15.5% (0.1%)
3.18 (1)
Multivariable regression models were adjusted for age, ASA and ISS08 (log transformed)
binverse transformation of the FCI-score 3
cF-change was based on the addition of the predictor to the model with age, ASA and ISS
*p<0.05, **p<0.01, ***p<0.001
Abbreviatons: ASA, American Society of Anesthesiologists physical status; CI, Confidence Interval; FCI, 
functional capacity index; ISS, Injury Severity Score;
DISCUSSION
The pFCI08 is a simple and readily available score, developed to predict functional status 
in trauma patients 12 months after injury. Although FCI only predicts a small proportion of 
the variability of HS, it is a predictor for HS 12 months after injury. The min-FCI (a categorical 
variable indicating the worst FCI in a person) is a better predictor for HS compared to the 
FCI-score 3 (a continuous score that combines multiple injuries).
Validation studies with the original FCI showed poor performances and low to moderate 
correlations, especially in patients with lower-extremity injury22-24. The revised FCI was first 
validated in 2005. This preliminary validation study concluded that this updated FCI score 
improved predictions of experienced functional loss compared to the original version of the 
FCI for patients experiencing lower extremity trauma25. In 2016, McMurry et al. validated a 
combination score for the FCI for multiple injuries in different body regions and concluded 
that the FCI was identified as a significant predictor for the physical component of the Short 
Form 36 (SF-36)15. However, a recent review described several limitations of this paper and 
suggested that the paper did not provide sufficient evidence that the revised FCI predicts 
functional outcome9.
A recent study from Palmer et al. (2019)14 stated that the FCI did not consistently increase 
predictive value for all items of the EQ-5D. However, the analyses were only conducted 
in severely injured patients and they did not take into account the EQ-5D utility score. 
Nevertheless, their results were mostly similar with our results. Because the FCI and AIS-
based severity did not show collinearity, they could both be included in the prediction model 
resulting in better predictions. This way, the FCI could add prognostic value in predicting 
non-fatal outcome.
This study has several limitations. The pFCI08 is developed in a dataset with the following 
characteristics: (I) the patient survives the injury, (II) The patient is aged between 18 and 34 
years, without comorbidities prior to injury, (III) The acute care and rehabilitation received 
after injury is appropriate and timely and (IV) the patient only sustained one injury. According 
to the assumptions mentioned above, the pFCI08 could only be used in a selective patient 
group. The patients in our study have survived during the 12 months after sustaining the 
injury. A validation study from 2017 suggested that the age limits in the development of 
pFCI08 were unnecessarily restrictive, and could be broadened8. Also, the AIS-dictionary 
states that the FCI was developed in a trauma population with an age-range of 18 to 65 years. 
The trauma population in this study ranged from 18 years to 100 years, with adjustment for 
age in the multivariable models. Besides, the sensitivity analyses showed that the pFCI08 
significantly improved the predictive ability of the models. The third assumption, regarding 
timely and appropriate received acute care, could not be assessed in this study. However, 
because the care is given in a developed country and time to travel to hospital is minimal 
6
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in the county Noord-Brabant, we assume that care was appropriately and timely received. 
Besides, the FCI-score accounted for multiple injuries, but showed no improvement in 
predictive ability compared to the pFCI08.
Last, the low follow-up rate of patients that completed the HS questionnaire 12 months after 
injury (32% of total) could have introduced selection bias, differences were found between 
responders and non-responders.
We computed a FCI-score 3 related to the method for ISS-calculation, but only 45.2% of the 
patients suffered multiple injuries. It is possible that the score could not perform optimally 
because of the low prevalence of multiple FCI scores and thus a lack of variability in the score.
Next to age and comorbidity, many other important factors have been found to predict 
HS and other non-fatal outcome, e.g. gender, educational level and psychological status of 
the patient17,26-28. These factors have probably more predictive ability for HS compared to 
FCI. Future research should consider all these factors for prediction of non-fatal outcome.
Trauma care is improved the last decades and will improve even further. This could require 
an updated version of the pFCI08 every few years. While the pFCI08 is a widely available 
score and is easy applicable in prediction of non-fatal injury outcomes, the development of 
an updated version FCI is a time-consuming matter7.
In conclusion, this study showed that the FCI predicts a small proportion of the variability for 
HS 12 months after injury. AIS-max and ISS showed to be better predictors. Nevertheless, 
next to ISS, age and comorbidity, the FCI significantly improved prediction of HS. FCI scores 
for multiple injuries showed no additive predictive ability compared to the FCI. As there 
is no easily accessible alternative, the FCI should be considered and assessed as possible 
predictor for non-fatal outcome after injury beside other well-known predictors, including 
an AIS-based variable. However, more research is needed to provide an alternative with 
better prognostic ability compared to the pFCI08.
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SUPPLEMENTAL TABLES
TABLE 1. Sensitivity analyses: regression coefficients with 95% confidence interval for predicting 
EQ-5D utility score or EQ-VAS score 12 months after injury in patients >69 years
EQ-5D utilitya EQ-VASa
min-FCI
 1
 2
 3
 4
 5
R2 (R2 change)c
F-change (df)d
-0.08 (-0.27, 0.11)
-0.02 (-0.13, 0.08)
-0.02 (-0.10, 0.06)
-0.05 (-0.08, -0.02)**
ref
16.2% (0.8%)
2.68 (4)*
-2.12 (-22.06, 17.83)
1.77 (-7.26, 10.80)
-0.39 (-6.85, 6.07)
-3.93 (-6.56, -1.30)**
ref
16.7% (0.6%)
2.40(4)*
FCI-score 3b
R2 (R2 change)c
F-change (df)d
0.12 (0.00, 0.23)*
15.8% (0.2%)
4.19 (1)*
8.21 (-1.51, 17.93)
16.2% (0.2%)
2.88 (1)
aMultivariable regression models were adjusted for age, ASA and ISS08 (log transformed)
binverse transformation of the FCI-score 3
cR2 change is the change in R2 by adding the predictor to the multivariable model
dF-change was based on the addition of the predictor to the model with age, ASA and ISS
*p<0.05, **p<0.01, ***p<0.001
Abbreviatons: ASA, American Society of Anesthesiologists physical status; CI, Confidence Interval; FCI, 
functional capacity index; ISS, Injury Severity Score;
TABLE 2. Sensitivity analyses: regression coefficients with 95% confidence interval for predicting 
EQ-5D utility score or EQ-VAS score 12 months after injury in patients with ISS>15
EQ-5D utilitya EQ-VASa
min-FCI
 1
 2
 3
 4
 5
R2 (R2 change)c
F-change (df)d
-0.08 (-0.19, 0.02)
-0.11 (-0.24, 0.02)
-0.08 (-0.23, 0.06)
-0.15 (-0.27, -0.04)*
ref
8.8% (5.0%)
2.17 (4)
-3.50 (-11.04, 4.04)
-12.20 (-21.27, -3.13)**
-2.39 (-13.41, 8.62)
-11.63 (-19.96, -3.29)**
ref
16.1% (8.7%)
3.08 (4)*
FCI-score 3b
R2 (R2 change)c
F-change (df)d
0.29 (0.1, 0.57)
6.3% (2.5%)
4.28 (1)*
21.67 (0.72, 42.62)*
10.5% (3.1%)
4.20 (1)*
aMultivariable regression models were adjusted for age, ASA and ISS08 (log transformed)
binverse transformation of the FCI-score 3
cR2 change is the change in R2 by adding the predictor to the multivariable model
dF-change was based on the addition of the predictor to the model with age, ASA and ISS
*p<0.05, **p<0.01, ***p<0.001
Abbreviatons: ASA, American Society of Anesthesiologists physical status; CI, Confidence Interval; FCI, 
functional capacity index; ISS, Injury Severity Score;
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ABSTRACT
Introduction Although mortality rates following major trauma are continuing to decline, 
a growing number of patients are experiencing long-term disability. The aim of this study 
was to identify factors associated with health status in the first year following trauma and 
develop prediction models based on a defined trauma population.
Methods The Brabant Injury Outcome Surveillance (BIOS) study was a multicentre 
prospective observational cohort study. Adult patients with traumatic injury were included 
from August 2015 to November 2016 if admitted to one of the hospitals of the Noord-
Brabant region in the Netherlands. Outcome measures were EuroQol Five Dimensions 5D-3L 
(EQ-5D™ utility and visual analogue scale (VAS)) and Health Utilities Index (HUI) 2 and 3 
scores 1 week and 1, 3, 6 and 12 months after injury. Prediction models were developed 
using linear mixed models, with patient characteristics, preinjury health status, injury 
severity and frailty as possible predictors. Predictors that were significant (P <0.050) for 
one of the outcome measures were included in all models. Performance was assessed 
using explained variance (R2).
Results In total, 4883 patients participated in the BIOS study (50.0% of the total), of whom 
3366 completed the preinjury questionnaires. Preinjury health status and frailty were the 
strongest predictors of health status during follow-up. Age, sex, educational level, severe 
head or face injury, severe torso injury, injury severity, Functional Capacity Index score, 
co-morbidity and duration of hospital stay were also relevant in the multivariable models 
predicting health status. R2 ranged from 35% for EQ-VAS to 48% for HUI 3.
Conclusion The most important predictors of health status in the first year after trauma 
in this population appeared to be preinjury health status and frailty.
INTRODUCTION
In the Netherlands, almost 80 000 patients were admitted to hospital owing to injury in 
20171. Although mortality rates from trauma are declining, a growing number of patients 
are experiencing long-term disability, including many young patients whose health status 
could suffer greatly2–4.
Prediction models provide (inter)national norms for trauma care quality, which are useful 
for comparisons between countries, regions or hospitals. Although trauma is recognized 
as a leading cause of morbidity, the quality of trauma care is evaluated mainly by survival5. 
Evaluation of the quality of trauma care might go beyond counting deaths, and take into 
account the non-fatal consequences of trauma2. One of the non-fatal consequences is 
impaired perceived health status, defined as the perceived impact of a disease on the 
patient’s social, physical and emotional
functioning6. Previous studies7–11 reported possible predictors for worse health status, such 
as greater age, female sex, higher Injury Severity Score (ISS), presence of co-morbidity, and 
frailty in the elderly. A recent study12 showed that unemployment before injury and pre-
existing mental health were additional predictors for different dimensions of health status. 
However, many of these studies were based on only a subset of the trauma population. 
The aim of this study was to identify factors associated with health status in the first year 
following trauma and develop prediction models based on a defined trauma population.
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METHODS
This study was part of the Brabant Injury Outcome Surveillance (BIOS) study, which was 
registered at ClinicalTrials.gov (NCT02508675); the protocol has been published previously13. 
Patients were included if they were admitted to an ICU or ward in the Noord-Brabant region 
of the Netherlands within 48h after injury and survived to hospital discharge between 
August 2015 and November 2016. Patients were required to be fluent in Dutch and had a 
minimum age of 18 years. Patients with pathological fractures were excluded. If patients 
were incapable of completing the self-reported questionnaires, they were completed by a 
proxy where possible. All participating patients and the proxy informants provided signed 
informed consent, and the study was approved by the Medical Ethics Committee Brabant 
(NL50258.028.14).
Questionnaires were distributed by a nurse or doctor if patients remained in hospital 1 week 
after injury. For patients discharged within 1 week after injury, a member of the research 
team informed the patient about the study by telephone, and questionnaires were sent by 
post. Patients were asked to complete a questionnaire at 1 week and 1, 3, 6 and 12 months 
after injury. Follow-up questionnaires were sent by post or e-mail, according to individual 
patient preference. Participants who did not complete a follow-up questionnaire were invited 
to participate again at the next time point.
The Brabant Trauma Registry (BTR) collected data on non-fatal outcomes at 3, 6, 12 and 24 
months after injury as part of the Recovery After Injury (RAI) study, including health status 
measured using the EuroQol Five Dimensions EQ-5D-3L™ (EuroQol Group, Rotterdam, the 
Netherlands). Because both studies had identical inclusion criteria and questionnaires, only 
non-participants in the BIOS study were invited to complete this short RAI questionnaire. 
The EQ-5D™ utility scores were extracted and merged with those from the BIOS study. The 
RAI study did not include proxy assessment.
Predictors
Patient characteristics
Patient characteristics (age, sex, educational level, socioeconomic status (status score) and 
frailty before injury, preinjury health status) were collected from the questionnaires and 
electronic medical records.
Educational level was measured as the highest completed degree, certificate or diploma 
of education and was structured in three categories. Patients with primary education or 
preparatory secondary vocational education, or without a diploma were considered to have 
a low educational
level. Middle educational level included patients who completed university preparatory 
education, senior general secondary education or senior secondary vocational education 
and training. Patients who completed university of applied science or an academic degree 
were considered to have a high educational level.
Status score was based on home postcode. All postcodes in the Netherlands correspond to a 
specific status score, based on the level of education, income and percentage unemployment 
in the neighbourhood; the score ranges from –6.75 to 3.06, with a lower value indicating 
low status and vice versa. In 2014, the mean status score in the Netherlands was 0.2814.
Preinjury frailty was assessed with the Groningen Frailty Index (GFI). The GFI was measured 
only in patients aged 65 years or more at 1 week or 1month after injury. A sum score of at 
least 4 was considered to indicate frailty. All patients younger than 65 years were considered 
not to be frail (with a total GFI score of 0).
All patients who completed a questionnaire at 1 week and 1 month after injury also 
completed the EQ-5D-3L™ questionnaire and EQ visual analogue scale (VAS) about their 
preinjury health status.
Finally, the norm scores for EQ-5D™ utility and EQ-VAS for the Dutch population were 
considered as potential predictors15. Norm scores were created based on sex and age 
categories.
Injury characteristics
Data about the injury were extracted from the BTR, including Abbreviated Injury Scale 
(AIS) region, hip fracture, ISS, admission to ICU, Functional Capacity index (FCI), ASA fitness 
grade and duration of hospital stay. Body regions injured and ISS were based on 2008 AIS 
codes16. Only serious or severe injuries, defined as those with an AIS score of at least 3, were 
classified by body region. Body regions were combined in four categories for the analyses: 
head and face, torso (abdomen and thorax), extremity (upper and lower), and neck and spine 
injury. Patients with a hip fracture were defined as elderly patients (65 years or older), with 
an isolated fracture of the proximal femur (AIS 2008 codes 853151.3, 853152.3, 853161.3 
and 853162.3), with an ISS of no more than 13.
The FCI was included as a categorical variable; the lowest FCI value for all injuries sustained 
in each patient was used. FCI values can be found in the AIS 2008 codebook dictionary16 
and ranged from 1 (worst functional limitation) to 5 (no functional limitation).
Outcome assessment
Outcome measures were scores on the EQ-5D-3L™, EQ-VAS and the Health Utilities Index 
(HUI; Health Utilities, Dundas, Ontario, Canada). The EQ-5D™ measures health status in five 
dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression17. 
Each dimension has three possible levels: no problems, moderate problems or severe 
problems. A utility score (EQ-5D™ utility) was calculated, ranging from 0 representing death 
to 1 for full health. A negative utility score indicates a health status worse than death. The 
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Dutch tariffs were used for this study to calculate EQ-5D-3L™ preference weights18. The 
EQ-VAS ranged from 0 at the bottom (worst possible health state) to 100 at the top (best 
possible health state). The proxy use of the EQ-5D-3L™ and EQ-VAS has been validated in 
an injury cohort19.
HUI is used to measure general health status20,21. It consists of 15 questions, divided into 
seven HUI Mark 2 (HUI 2) questions and eight HUI Mark 3 (HUI 3) questions. A utility score 
was calculated using an algorithm to quantify health status, where dead scores 0 and perfect 
health scores 1. The proxy use of the HUI has been validated in patients who have had a 
stroke22.
The EQ-5D-3L™ was included at all time points in both the BIOS and RAI studies. The HUI and 
EQ-VAS were included at all time points in the BIOS study, but were not used in the RAI study.
Statistical analysis
Results are reported according to the TRIPOD guidelines23. Missing values for participants 
who completed the preinjury assessment (169 (5%) with missing EQ-5D-3L™ preinjury items 
and 100 (3%) with missing preinjury EQ-VAS scores) were imputed by means of multiple 
imputation with 15 imputations and five iterations using the multivariable imputation by 
chained equations procedure24. Only participants who completed preinjury assessment 
were included for further modelling. Missing follow-up EQ-5D™ utility, EQ-VAS, HUI 2 and 
HUI 3 for patients who died during the 12-month follow-up period were set to 0.
Linear mixed models with random intercepts were used for all potential predictors, with 
EQ-5D™ utility, EQ-VAS, HUI 2 and HUI 3 as outcome measures. The ability to predict 
health status (based on explained variance, R2) of the norm scores was compared with the 
predictive ability of the preinjury EQ-5D™ utility and EQ-VAS scores. The variable that was 
least time-consuming to collect (based on the length of the questionnaire and difficulty of 
collection) and with the highest predictive ability was included in the multivariable model if 
the predictor had P <0.200 in the univariable analyses. R2 ranges from 0% to 100%, and is the 
most common performance measure for continuous outcomes25. Backward selection was 
used for the multivariable linear regression models, with P >0.050 for exclusion. Predictors 
that were beneath the threshold of 0.050 for at least one of the outcome variables in the 
multivariable analyses were included in all prediction models. The same predictors were 
included in the prediction models to enable comparison of regression coefficients.
Sensitivity analyses were undertaken to assess the effect of exclusion of subsets on the 
regression coefficients of the models. Regression coefficients were compared between 
the total clinical trauma population and the clinical trauma population excluding elderly 
patients with hip fracture or excluding patients who were admitted to ICU. Performance of 
the models was assessed using R2.
Analyses were done in SPSS® version 24 (IBM, Armonk, New York, USA) and R version 3.4.0 
(R Foundation for Statistical Computing, Vienna, Austria).
FIGURE 1. Flow diagram summarizing health status questionnaire completion during the 
first year after injury.
EQ-5D™, EuroQol Five Dimensions; EQ-VAS, EuroQol visual analogue scale; RAI, Recovery After 
Injury; HUI, Health Utilities Index.
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TABLE 1. Characteristics of the total cohort, participants who completed at least the preinjury 
questionnaire and non-participants who were excluded from analyses
Total cohort‡ Participants§ Non-participants
N % (95% CI) N % (95% CI) N % (95% CI)
No. of patients (%) 9,774 100.0 3,366 34.4 (33.5, 35.4) 6,408 65.6 (64.6, 66.5)
Male sex 4,736 48.5 (47.5, 49.4) 1702 50.6 (48.9, 52.3) 3,034 47.3 (46.1, 48.6)
Age in years* 64.3 (21.2) 63.7 (18.7) 64.7 (22.4)
Length of hospital 
stay†
 Missing
4 (2-8)
720 7.4 (6.8, 7.9)
4 (2-8)
-
4 (2-9)
486 7.6 (6.9, 8.2)
ISS
 1-3
 4-8
 9-15
 16-24
 ≥25
 Missing
2505
2917
3484
332
106
430
25.6 (24.8, 26.5)
29.8 (28.9, 30.8)
35.6 (34.7, 36.6)
3.4 (3.0, 3.8)
1.1 (0.9, 1.3)
4.4 (4.0, 4.8)
806
1132
1261
132
35
-
23.9 (22.5, 25.4)
33.6 (32.0, 35.2)
37.5 (35.8, 39.1)
3.9 (3.3, 4.6)
1.0 (0.7, 1.4)
-
1708
1794
2230
201
66
409
26.7 (25.6, 27.7)
28.0 (26.9, 29.1)
34.8 (33.6, 36.0)
3.1 (2.7, 3.6)
1.0 (0.8, 1.3)
6.4 (5.8, 7.0)
AIS region¶
 Head
 Face
 Thorax
 Abdomen
 Spine
 Neck
 Upper extremity
 Lower extremity
428
18
404
66
120
4
29
2755
4.4 (4.0, 4.8)
0.2 (0.1, 0.3)
4.1 (3.7, 4.5)
0.7 (0.5, 0.8)
1.2 (1.0, 1.4)
0.0 (0.0, 0.1)
0.3 (0.2, 0.4)
28.2 (27.3, 29.1)
143
8
180
27
49
2
17
977
4.2 (3.6, 4.9)
0.2 (0.1, 0.4)
5.3 (4.6, 6.1)
0.8 (0.5, 1.1)
1.5 (1.1, 1.9)
0.1 (0.0, 0.1)
0.5 (0.3, 0.7)
29 (27.5, 30.6)
285
10
224
39
71
2
12
1778
4.4 (3.9, 5.0)
0.2 (0.1, 0.3)
3.5 (3.0, 3.9)
0.6 (0.4, 0.8)
1.1 (0.9, 1.4)
0.0 (0.0, 0.1)
0.2 (0.1, 0.3)
27.7 (26.7, 28.8)
Hip fracture 2123 21.7 (20.9, 22.5) 683 20.3 (18.9, 21.6) 1440 22.5 (21.4, 23.5)
Trauma centre level
 I
 II
 III
2287
5431
2056
23.4 (22.6, 24.2)
55.6 (54.6, 56.6)
21 (20.2, 21.8)
910
1731
725
27 (25.5, 28.5)
51.4 (49.7, 53.1)
21.5 (20.2, 22.9)
1377
3700
1331
21.5 (20.5, 22.5)
57.7 (56.5, 58.9)
20.8 (19.8, 21.8)
Minimal FCI
 1-2 (worse state)
 3-4
 5 (best possible state)
 Missing
410
3734
4938
692
4.2 (3.8, 4.6)
38.2 (37.2, 39.2)
50.5 (49.5, 51.5)
7.1 (6.6, 7.6)
171
1398
1797
-
5.1 (4.3, 5.8)
41.5 (39.9, 43.2)
53.4 (51.7, 55.1)
-
244
2374
3206
584
3.8 (3.3, 4.3)
37 (35.9, 38.2)
50 (48.8, 51.3)
9.1 (8.4, 9.8)
ASA
 I
 II
 III
 IV
 Missing
2458
3627
1817
62
1810
25.1 (24.3, 26.0)
37.1 (36.2, 38.1)
18.6 (17.8, 19.4)
0.6 (0.5, 0.8)
18.5 (17.7, 19.3)
1165
1551
613
37
-
34.6 (33.0, 36.2)
46.1 (44.4, 47.8)
18.2 (16.9, 19.5)
1.1 (0.7, 1.5)
-
1494
2330
1321
47
1216
23.3 (22.3, 24.3)
36.4 (35.2, 37.5)
20.6 (19.6, 21.6)
0.7 (0.5, 0.9)
19 (18, 19.9)
Educational level
 Low
 Middle
 High
 Missing
2563
1267
885
5059
26.2 (25.4, 27.1)
13 (12.3, 13.6)
9.1 (8.5, 9.6)
51.8 (50.8, 52.8)
1737
942
687
-
51.6 (49.9, 53.3)
28 (26.5, 29.5)
20.4 (19.0, 21.8)
-
893
351
213
4951
13.9 (13.1, 14.8)
5.5 (4.9, 6.0)
3.3 (2.9, 3.8)
77.3 (76.2, 78.3)
Status score* 0.18 (0.95) 0.26 (0.93) 0.16 (0.95)
Values in parentheses are percentages with 95% confidence intervals unless indicated otherwise; 
values are *mean(SD) and †median (IQR). ‡Totals for all patients without imputation. §Missing values 
for participants were imputed. ¶Patients who had at least one injury with an Abbreviated Injury Scale 
(AIS) score of 3 or higher in the head, face, thorax, abdomen, spine, neck, upper extremity or lower 
extremity region.
Abbreviations: ISS, Injury Severity Score; FCI, Functional Capacity Index.
RESULTS
In total, 9774 patients were asked to complete the questionnaires. Only patients who 
completed at least the preinjury questionnaire were included in this study (3366 patients, 
34.4 % of the total cohort) (Figure 1).
The mean(SD) age of the participants was 63.7(18.7) years and 50.6% were men (Table 
1). The median duration of hospital stay after injury was 4 (IQR 2–8) days. Some 37.5% of 
participants had an ISS of 9–15 and 53.4% had a minimum FCI score of 5. The prevalence of 
hip fracture among the participants was 20.3%. According to the ASA classification, 34.6% 
of the participants were healthy (ASA grade I) and 1.1% had severe systemic disease with 
constant threat to life (ASA grade IV). Most participants had a low level of education (51.6%) 
and the mean(SD) status score was 0.26(0.93).
Participants were more likely to be healthy (ASA grade I or II) with a higher status score and 
were more often highly educated compared with non-participants. Participants were more 
severely injured or more often admitted to a level I trauma centre than non-participants 
(Table 1).
Overall, the mean EQ-5D™ utility, EQ-VAS and HUI scores increased over time (Figure 2). 
The smallest increment in health status was found between 6 and 12 months after injury. 
Participants at 1 week reported higher preinjury scores than those who participated at 
other time points.
Health status as predictor
Preinjury EQ-5D™ utility score (R2 in univariable model ranging from 22% for EQ-VAS to 
33% for HUI 2 and HUI 3) and preinjury EQ-VAS (R2 in univariable model ranging from 15% 
for EQ-5D™ utility to 27% for HUI 3) were the strongest predictors for all outcome variables 
(Table 2).
Norm scores for the EQ-5D™ utility and the EQ-VAS were omitted from further analyses, 
because their predictive ability was much lower than preinjury values of health status 
questionnaires. The preinjury EQ-VAS was used in further analyses because this value was 
least time-consuming to collect and had a relatively high predictive ability.
Prediction models
Frailty and the preinjury EQ-VAS were the strongest predictors for all health status outcome 
measures. The explained variance for preinjury EQ-VAS ranged from 15% for EQ-5D™ utility 
to 27% for HUI 3 in univariable analyses (Table 2). The explained variance for frailty ranged 
from 15% for EQ-VAS to 29% for HUI 3 in univariable analyses (results not shown).
Age, sex, educational level, severe head or face injury, severe torso injury, ISS, FCI score, 
ASA grade, duration of hospital stay, preinjury EQ-VAS score and frailty were predictors of 
health status in the first year after trauma (Table 3). The regression coefficients show the 
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expected difference in outcome for a 1-unit higher value of the predictor, with values for all 
other predictors being identical.
Explained variance was 36, 35, 44 and 48% for EQ-5D™ utility, EQ-VAS,HUI 2 and HUI 
3 respectively. Health status increased over the 12 months after injury with regression 
coefficients of 0.291 for EQ-5D™ utility, 14.620 for EQ-VAS, 0.168 for HUI 2 and 0.281 for 
HUI 3.
The explained variance for the measurements at different follow-up times increased for all 
health status outcomes by duration: from 14% at 1 week to 41% at 12 months for EQ-5D™ 
utility, from 17% at 1 week to 41% at 12 months for EQ-VAS, from 18% at 1 week to 49% at 
12 months for HUI 2, and from 22% at 1 week to 51% at 12 months for HUI 3. 
No significant differences were found between the regression coefficients of the models 
developed in the total clinical trauma population, and those of the clinical trauma population 
excluding patients with hip fracture or excluding patients admitted to the ICU (Supplemental 
Tables 1 and 2).
TABLE 2. Univariable analyses and explained variance between pre-injury HS measures and the 
norm values and health status measures in the first year after trauma.
First year after trauma
EQ-5D™ utility EQ-VAS HUI 2 HUI 3
Preinjury EQ-5D™ 
utility
Regression coefficient 0.68 (0.65, 0.72) 46.71 (44.27, 49.15) 0.64 (0.61, 0.66) 0.90 (0.86, 0.94)
R2 (%) 24 22 33 33
Preinjury EQ-VAS
Regression coefficient 0.01 (0.01, 0.01) 0.63 (0.60, 0.66) 0.01 (0.01, 0.01) 0.01 (0.01, 0.01)
R2 (%) 15 25 25 27
Norm EQ-5D™ utility
Regression coefficient 1.77 (1.59, 1.96) 122.94 (109.15, 136.74) 2.00 (1.85, 2.16) 2.98 (2.75, 3.20)
R2 (%) 7 6 13 14
Norm EQ-VAS
Regression coefficient 0.02 (0.02, 0.03) 1.68 (1.47, 1.89) 0.03 (0.02, 0.03) 0.04 (0.04, 0.04)
R2 (%) 5 5 9 10
Values in parentheses are 95% confidence intervals. EQ-5D™, EuroQol Five Dimensions; EQ-VAS, 
EuroQol visual analogue scale; HUI, Health Utilities Index; R2, explained variance.
FIGURE 2. Mean scores on health status questionnaires during follow-up.
A EuroQol Five Dimensions (EQ-5D™) B EuroQol visual analogue scale (EQ-VAS) C Health Utilities 
Index (HUI).
Preinjury values plotted at each time point represent scores obtained at 1 week or month after 
injury for patients who completed postinjury questionnaires at that time point. Error bars 
represent 95% confidence intervals.
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TABLE 3. Regression coefficients and explained variance for health status measures in multivariable 
linear mixed models.
First year after trauma
EQ-5D™ utility EQ-VAS HUI 2 HUI 3
Age 0.001 (0.000, 0.001) 0.030 (-0.007, 0.068) -0.001 (-0.001, 0.000) -0.001 (-0.002, -0.001)
Female gender -0.049 (-0.063, -0.034) -1.955 (-2.993, -0.917) -0.033 (-0.044, -0.022) -0.045 (-0.062, -0.029)
Educational 
level
Low*
Middle
High
0
0.006 (-0.011, 0.024)
0.027 (0.008, 0.046)
0
0.062 (-1.175, 1.299)
-0.175 (-1.525, 1.175)
0
0.008 (-0.005, 0.022) 
0.023 (0.008, 0.038)
0
0.020 (0.000, 0.040)
0.037 (0.016, 0.058)
Head or face 
injury† 0.078 (0.038, 0.117) 4.485 (1.659, 7.311) 0.063 (0.032, 0.094) 0.049 (0.004, 0.094)
Torso injury† 0.038 (0.001, 0.075) 2.391 (-0.217, 4.998) 0.044 (0.016, 0.072) 0.049 (0.007, 0.090)
ISS -0.005 (-0.007, -0.003) -0.468 (-0.623, -0.312) -0.004 (-0.006, -0.003) -0.005 (-0.008, -0.003)
FCI
1 (worse status)
2
3
4
5 (best status)*
-0.018 (-0.101, 0.065)
-0.107 (-0.143, -0.071)
-0.061 (-0.097, -0.025)
-0.047 (-0.064, -0.029)
0
1.853 (-4.047, 7.752)
-2.469 (-5.011, 0.072)
-1.194 (-3.769, 1.382)
-0.700 (-1.949, 0.549)
0
-0.049 (-0.113, 0.015)
-0.057 (-0.085, -0.029)
-0.038 (-0.066, -0.009)
-0.027 (-0.040, -0.013)
0
-0.109 (-0.200, -0.019)
-0.092 (-0.132, -0.051)
-0.068 (-0.108, -0.027)
-0.034 (-0.054, -0.015)
0
ASA
I*
II
III
IV
0
0.023 (0.004, 0.042)
-0.046 (-0.073, -0.019)
-0.066 (-0.150, 0.019)
0
2.206 (0.850, 3.561)
-3.210 (-5.153, -1.267)
-4.274 (-10.304, 1.757)
0
0.015 (0.001, 0.030)
-0.056 (-0.076, -0.035)
-0.083 (-0.149, -0.017)
0
0.016 (-0.006, 0.038) 
-0.066 (-0.096, -0.036)
-0.078 (-0.160, 0.005)
Length of stay 
at hospital 
(days)
-0.009 (-0.010, -0.008) -0.524 (-0.622, -0.426) -0.007 (-0.008, -0.006) -0.009 (-0.011, -0.008)
Frailty -0.159 (-0.183, -0.135) -6.841 (-8.463, -5.219) -0.150 (-0.169, -0.132) -0.232 (-0.258, -0.206)
Pre-injury 
EQ-VAS 0.004 (0.003, 0.004) 0.498 (0.464, 0.533) 0.004 (0.003, 0.004) 0.005 (0.005, 0.006)
Follow-up 
measurements
1 week*
1 month
3 months
6 months
12 months
0
0.130 (0.118, 0.142)
0.241 (0.229, 0.254)
0.293 (0.280, 0.305)
0.291 (0.279, 0.303)
0
9.107 (8.225, 9.990)
13.763 (12.848, 14.677)
15.892 (14.968, 16.815)
14.620 (13.701, 15.539)
0
0.116 (0.108, 0.125)
0.156 (0.147, 0.165)
0.177 (0.168, 0.186)
0.168 (0.159, 0.177)
0
0.160 (0.148, 0.171) 
0.235 (0.223, 0.246)
0.282 (0.271, 0.294)
0.281 (0.269, 0.292)
Constant 0.248 (0.192, 0.303) 21.117 (17.229, 25.006) 0.454 (0.411, 0.497) 0.127 (0.067, 0.188)
R2 (%)
Overall 36 35 44 48
Follow-up 
measurements
1 week
1 month
3 months
6 months
12 months
14
27
33
40
41
17
34
35
37
41
18
46
47
48
49
22
47
49
50
51
Values in parentheses are 95% confidence intervals. *Reference category. †Patients who had at least one injury 
in the head or face region, or in the thorax or abdomen (torso) region with an Injury Severity Score (ISS) of at 
least 3.
Abbreviations: EQ-5D™, EuroQol Five Dimensions; EQ-VAS, EuroQol visual analogue scale; HUI, Health Utilities Index; FCI, 
Functional Capacity Index; R2, explained variance.
DISCUSSION
The most important predictors of health status in the year after trauma were preinjury 
health status and frailty, reflecting that it is essential to consider the baseline condition 
when assessing post-traumatic scores. Other factors influencing health status included: 
age, sex, educational level, severe head or face injury, severe torso injury, ISS, FCI score, ASA 
grade and duration of hospital stay. The model predicting HUI 3 had the highest explained 
variance (48%), followed by the model predicting HUI 2 (44%).
There are many different tools for measuring different concepts of quality of life. Van Beeck 
and colleagues26 provided guidelines for injury-related disability measurement in follow-up 
studies and suggested use of the EQ-5D-3L™ in combination with the HUI 3 as a common 
base for health outcome measures, as these cover all relevant health domains. The collection 
of two questionnaires per patient after trauma is not ideal. An alternative could be to collect 
the EQ-VAS score, which can be obtained quickly and easily, together with the HUI 3, which 
is most sensitive to age and co-morbidity and thus highly relevant in the ageing trauma 
population27. However, the HUI has a license fee that may not be affordable for all registries 
or hospitals.
Previously identified predictors for long-term functional consequences after trauma7–12 were 
also relevant in the present study. An unexpected finding of this study is that patients with a 
severe head or face injury, or a severe torso injury had a better health status than patients 
without such injuries. Similar findings were reported in other studies of traumatic brain 
injury and traumatic spinal cord injury28,29. A possible explanation could be that patients’ 
perception of their health status may change after severe injury, owing to a change in internal 
standards or values, resulting in a surprisingly high health status score. This phenomenon 
is called response shift, which was postulated based on the disability paradox: ‘people with 
significant disability report a good quality of life, although this may seem counterintuitive 
to most external observers’30,31.
Preinjury health status scores should ideally be collected prospectively to avoid bias. This 
was practically not feasible in the context of the present study. Retrospectively collected 
preinjury health status scores are consistently higher than population norms because of 
recall bias and response shift32. Nevertheless, they are considered to be more appropriate 
for the evaluation of postinjury health status in the trauma population than general 
population norm scores33. Although preinjury EQ-5D™ utility was shown to be a better 
predictor, preinjury EQ-VAS was included in the models as it is easy to collect.
In this study, longer hospital stay was associated with reduced health status in the first year 
after trauma. Early complications of trauma and surgery have been shown to increase the 
duration of hospital stay and also to have a negative impact on health status for injured 
patients34,35. Another explanation could be that length of stay reflects injury severity, 
because patients with more severe injury were more likely to have a longer hospital stay.
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Although many predictors are available from trauma registries, others (frailty, preinjury 
health status and educational level) are not, and should be assessed manually. Preinjury 
EQ-VAS scores and data on educational level are easy to collect, for example when patients 
are discharged from hospital. Frailty, however, is more complex. A recent review36 showed 
that frailty does not have a clear international standard or definition, and suggested that 
frailty measurement should be incorporated into routine care for elderly patients.
The explained variance of almost 50% was considered acceptable for a comprehensive 
concept such as health status. Although mortality rates are declining, survival is still an 
important outcome after trauma. Survival prediction models in combination with a model for 
health status may ultimately prove a useful approach to evaluate the quality of trauma care. 
However, many predictors of outcome in the present study are independent of treatment 
or injury.
One limitation of this study was the low rate of completed health status questionnaires in the 
first year after trauma. In total, 34.4% of the initial sample was used in this study. Differences 
in baseline characteristics between participants and non-participants were found, indicative 
of selection bias, which could have affected the results. Nevertheless, the study population 
was large enough, and the calculated shrinkage factors indicated no overfitting.
This study was conducted in only one region of the Dutch trauma population, which could 
limit the generalizability of the models. The models could be useful for comparable trauma 
populations, but are limited to variables that are relevant for the Dutch trauma population 
and are available from the data set or registry. The authors recommend external validation 
of the present findings in other comparable trauma populations (other regions in the 
Netherlands or neighbouring countries) to further investigate the usefulness of the models.
The prediction models are developed in the total clinical trauma population and are not 
applicable to subsets of this population (such as patients with major trauma or brain injury). 
Different prediction models, possibly with other outcome measures (such as Glasgow 
Outcome Scale - Extended or quality of life after brain injury) are needed for these important 
subsets. Finally, frailty was measured only in participants aged at least 65 years. Participants 
younger than this were considered not to be frail in this study. Although it is unlikely, this 
assumption could be false and might have influenced the results.
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ABSTRACT
Introduction. The identification of trauma patients at high risk for poor recovery could 
enable clinicians to tailor treatment. This study aimed to determine (I) prognostic factors 
for poor health status and (II) recovery patterns during the first two years after injury in the 
clinical trauma population.
Methods. A prospective longitudinal cohort study followed adult injury patients admitted 
to a Dutch hospital between August 2015 and November 2016. The EuroQol-5-dimensions-
3-level (EQ-5D-3L) and a cognition item were collected at 1 week, 1, 3, 6, 12, and 24 months 
after injury. Prognostic factors and recovery patterns were assessed with linear mixed 
models for the EuroQol Visual Analogue Scale (EQ-VAS) and the EQ-5D-3L utility score and 
with logistic mixed models for the EQ-5D-3L dimensions and cognition.
Results. Fifty percent (n=4883/9774) of eligible patients completed at least one 
questionnaire. Health status was especially low during the first six months after injury 
(mean EQ-5D utility[SD] ranged from 0.49[0.32] at 1 week to 0.79[0.25] at 24 months). The 
dimensions mobility, pain/discomfort and usual activities improved up to 2 years after injury. 
Lower pre-injury health status, frailty and longer length of stay were important prognostic 
factors for poor recovery. Spine injury, lower and upper extremity injury showed to be 
prognostic factors for problems after injury. Traumatic brain injury was a prognostic factor 
for problems with cognition.
Conclusion. This study contributes to the increase in knowledge of recovery patterns and 
could be a starting point to develop prediction models for specific injury classifications for 
the implementation of personalized medicine.
INTRODUCTION
Trauma, defined as a physical injury, is one of the leading causes of disability and affects 
millions of people worldwide each year. The number of survivors after trauma increased 
the last decades, due to the improvement of trauma care1-3. Many patients suffer physical, 
psychological or cognitive impairments, resulting in a reduction of their health status (HS).
The trauma population is a heterogeneous group of patients. Patients are from various age 
groups with many different injury patterns, in both severity and body region. In addition, type 
of accident (e.g. falls, road traffic accident) and mechanism of injury (e.g. bleeding, fracture) 
can be diverse. The identification of patients at high risk of poor health status outcome 
could enable clinicians to tailor treatment in which patients are referred to specialized care 
and rehabilitation at an early stage of their recovery.
Most previous studies on prognostic factors for poor recovery were conducted in major 
or severe trauma patients population4-12, traumatic brain injury patients7,13 or assessed on 
a small follow-up trauma population14. In addition, studies were based on long follow-up 
measurement10. Last, pre-injury health status was not measured or taken into account by 
determining the prognostic factors for health status in previous studies. Research that take 
into account the total clinical trauma population during the first two years of their recovery 
is scarce15. In addition, different recovery patterns can be expected in, for example, brain 
injury patients and patients suffering from lower/upper extremity injury.
This study aimed (I) to determine prognostic factors for poor health status and (II) determine 
recovery patterns after injury during the first two years after injury in the clinical trauma 
population and in specific injury classifications.
8
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METHODS
Study design and participants
Data was obtained from the Brabant Injury Outcome Surveillance (BIOS)16. The BIOS-study 
is a prospective observational cohort study in which health status, costs, functional and 
psychological outcomes were assessed in the first 24 months after trauma in injured patients. 
The study was approved by the Medical Ethics Committee Brabant (NL50258.028.14).
All adult (≥18 years) patients admitted to a hospital in the region Noord-Brabant (the 
Netherlands) from 1 August 2015 to 30 November 2016 due to an injury and who survived 
to hospital discharge were included in this study. Patients without sufficient knowledge of the 
Dutch language or with pathological fractures were excluded. A proxy informant (caregiver 
or family member) was asked to complete the self-administered questionnaires if patients 
were incapable of participating in the BIOS-study. The questionnaires were sent by post or 
electronically at one week, one month, three months, six months, twelve months and 24 
months after injury. All participants, patients or proxy informants, signed informed consent. 
Patients were asked to complete a shorter version of the questionnaire at three months, six 
months, twelve months and 24 months after injury to increase response. This short version 
incorporates only a small collection of the questions that are included in the BIOS-study. 
Injury characteristics were collected in the Brabant Trauma Registry and, for participating 
patients, merged to the BIOS-data.
Outcome
Health status was measured with the EuroQol-5D-3L (EQ-5D)17. This questionnaire consists 
of the EQ-5D descriptive system and the EQ-visual analogue scale (EQ-VAS). The EQ-5D 
descriptive system comprised the following five dimensions: mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression. Each dimension could be answered in 
three levels: no problems, some problems and severe/extreme problems.
A summary score of these five dimensions (EQ-5D utility) can be calculated by using the 
Dutch tariffs18. This utility score ranged from 0 (death) to 1 (perfect health). The EQ-VAS is 
a vertical visual analogue scale with 0 indicating the worst imaginable health state and 100 
indicating the best imaginable health state.
Cognition was added as additional dimension to the EQ-5D questionnaire. Respondents 
were asked to describe their or, in case of proxy, the patients’ state of health, concerning 
cognition (e.g. memory, concentration). Similar to the other dimensions, answer options 
were based on three levels: no problems, some problems and severe problems.
HS was measured at each time point during follow-up in both patient and proxy 
questionnaires. The EQ-5D (including the cognition dimension) and EQ-VAS were also 
measured pre-injury, by asking participants at one week or one month and proxy informants 
at one month for the patients’ health status before sustaining the injury. The EQ-VAS was 
not included in the short questionnaire.
Prognostic factors
Previous research showed that higher age5-7,15, female sex5,7,8,12,15, low education5,9, pre-injury 
employment status4,5,13, presence of comorbidities8,9,15, presence of hip/lower extremity/
spine or head injury5,9,14,15, longer length of stay6,14 and admission to the intensive care (IC)5,6,14 
are prognostic factors for poor outcome after injury. The association between injury severity 
and health status was inconsistent6,9-11,14,19.
Sociodemographic variables
Possible prognostic factors for health status that were measured in the BIOS-study were 
sex, age, educational level (low, middle or high), pre-injury work status (yes/no), frailty and 
pre-injury health status. Educational level was categorized in three levels as the highest 
completed degree, diploma of education; low (primary education, preparatory secondary 
vocational education or without diploma), middle (university preparatory education, senior 
general secondary education or senior secondary vocational education and training), and 
high (academic degree or university of applied science). Frailty was measured at one week 
or one month after injury with the Groningen Frailty Index (GFI) in patients ≥65 years20. A 
sum-score of ≥4 was considered frail. Patients <65 years were considered not frail. Pre-injury 
health status was measured at 1 week or 1 month after injury with the EQ-5D-3L, referring 
to the health status of the patients prior to injury.
Clinical variables
Possible other clinical prognostic factors for health status were length of hospital stay, 
injury severity score, admission to the intensive care (yes/no), presence of comorbidities 
and the functional capacity index. Comorbidities were measured with the American Society 
of Anaesthesiologists (ASA) physical status classification system ranging from 1 (healthy 
patient) to 4 (severe systemic disease that is a constant threat to life). The functional capacity 
index and injury severity score were based on the Abbreviated Injury Scale (AIS) codes (AIS-
90, update 2008)21.
Injury Classification
The Abbreviated Injury Scale (AIS) codes (AIS-90, update 2008)21 were used to create injury 
group classifications representing the most common types of injuries. In total, 14 injury 
groups were created: 3 lower extremity injury groups (pelvic injury, hip fracture, and tibia 
fracture/complex foot fracture or distal/shaft femur fracture), 2 upper extremity injury 
groups (shoulder and upper arm injury, and radius, ulna or hand fracture), 2 head injury 
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groups(AIS-head≤2, and AIS-head≥3), 1 face injury group, 2 thorax injury groups (thorax 
injury, and rib fracture), 2 abdomen injury (AIS-abdomen≤2, and AIS-abdomen≥3) and 2 
spine injury (spinal cord injury/brachial plexus lesion, and stable vertebral fracture/disc 
injury). Patients who suffer multiple injuries could be classified in one or more injury group 
classifications.
Data analysis
Baseline characteristics of participants were compared with non-participants, using chi-
square for categorical variables or the Mann-Whitney U test for non-normal distributed data. 
Descriptive statistics included the median with the interquartile range (IQR) for continuous 
variables. Missing baseline characteristics and missing utility scores were imputed according 
to multiple imputation by using the Multivariate Imputations by Chained Equations (MICE) 
procedure with 15 imputations and 5 iterations22. The imputation model included baseline 
characteristics, injury characteristics and summary scores of the follow-up questionnaires 
to capture associations with missingness as completely as possible.
Multicollinearity was checked based on the Variance Inflation Factor (criterion: VIF > 10). 
Prognostic factors were assessed for poor health status outcome with EQ-5D utility 
and EQ-VAS as outcome measures. Regression coefficients with corresponding 95% 
confidence interval (CI) were reported. The dimensions of the EQ-5D descriptive system 
were dichotomized into 0=no problems and 1=some problems/extreme problems. Logistic 
mixed models with random intercepts were used to assess prognostic factors for poor 
outcome for the six dimensions of the EQ-5D (e.g. mobility, self-care, usual activities, pain/
discomfort, anxiety/depression and cognition). All potential prognostic factors were included 
in the multivariable regression models to calculate adjusted Odds Ratios and corresponding 
95% CI.
Recovery patterns were determined by changing the reference category of the time variable 
in linear mixed models for health status and logistic mixed models for the dimensions 
of health status, adjusted for the prognostic factors. Recovery patterns for the items of 
the EQ-5D were assessed in detail for injury classifications that showed to be statistically 
significant for the dimensions in the total multivariable model.
Analyses were conducted in the statistical programs R version 3.4.0 (R Foundation for 
Statistical Computing, Vienna, Austria) and IBM SPSS version 24 (Chicago, USA) and results 
were reported according to the TRIPOD guidelines23.
RESULTS
Baseline characteristics
A total of 4883 patients (50% of total, N=9774) completed at least one questionnaire of the 
BIOS study of whom 48% (N=2,329) was male (Figure 1, Table 1). The median age was 68 
years with an IQR of 53-80 years. Responders had a median injury severity score of 5 (IQR 
[4-9]) and most of the patients were classified as healthy or as patients with mild systemic 
disease (N=3,879, 79%). A total of 358 patients (7%) were admitted to the intensive care unit.
Compared to the non-responders, participants were more severely injured, were more often 
admitted to a level I trauma centre, were more often admitted to the intensive care unit, 
had lower functional capacity index values, and were more often healthy (measured with 
the ASA classification). The majority of the responders had low educational level (N=2,670, 
55%) and 38% of the responders (N=1,278) had a job prior to injury.
Health status over time
The mean (SD) EQ-5D utility score ranged from 0.49 (0.32), 0.56 (0.30), 0.69 (0.27), 0.76 
(0.25), 0.77 (0.26) and 0.79 (0.25) at 1 week, 1, 3, 6, 12 and 24 months respectively (Figure 
2a). The mean (SD) EQ-VAS score ranged from 58.26 (20.45), 63.02 (20.46), 69.48 (18.56), 
72.97 (17.28), 73.50 (18.08) and 75.58 (17.88) at 1 week, 1, 3, 6, 12 and 24 months respectively. 
Patients reported the most recovery during the first 6 months, with a little improvement up 
to 12 months. The first month, patients reported most problems for pain/discomfort, usual 
activities, mobility and self-care (Figure 2b). During the 24 month follow-up, the percentage of 
patients reporting problems for pain/discomfort, usual activities and mobility were highest.
Two years after injury 49% (95% CI: 47, 51) of the patients reported problems for pain/
discomfort, 43% (95% CI: 41, 45) reported problems for mobility, 41% (95% CI: 39, 43) 
reported problems for usual activities, 25% (95% CI: 23, 27) reported for cognition, 20% (95% 
CI: 18, 22) reported problems for anxiety/depression and 19% (95% CI: 17, 21) for self-care.
Prognostic factors
Lower pre-injury health status, frailty and longer length of stay at hospital were important 
significant prognostic factors for both decreased health status during the first two years 
after trauma (Table 2). Increasing age is a protective factor for self-care, usual activities, pain/
discomfort, anxiety/depression and cognition, but no significant association was found for 
mobility. Female sex showed to be a significant prognostic factor for all outcomes, except 
for mobility.
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TABLE 1. Patient characteristics tables of responders and non-responders of the BIOS-study
Respondersa Non-responders p-value
N (%) 4883 4891
Male (%) 2329 (48) 2407 (49) 0.13
Age (median, IQR) 68 (53-80) 70 (46-84) 0.26
ASA classification (N, %)
1 (healthy) 1531 (31) 1195 (24) 0.00
2 2348 (48) 1657 (34)
3 950 (19) 1046 (21)
4 (severe systemic disease) 54 (1) 40 (1)
Missing - 953 (20)
Injury Severity Score (median, IQR) 5 (4-9) 5 (2-9) 0.00
Length of stay at hospital (median, IQR) 4 (2-8) 4 (2-8) 0.02
Functional capacity index (N, %) 0.00
1-2 (worse state) 248 (5) 169 (4)
3-4 2074 (42) 1721 (35)
5 (best possible state) 2561 (52) 2473 (51)
Missing - 528 (11)
Injury classification (N, %)
Pelvic injury 293 (6) 151 (3)
Hip fracture 1266 (26) 1099 (23)
Tibia, complex foot or femur fracture 569 (12) 505 (10)
Shoulder and upper arm injury 473 (10) 417 (9)
Radius, ulna or hand fracture 308 (6) 283 (6)
Head injury with AIS <=2 1324 (27) 1443 (30)
Head injury with AIS >=3 186 (4) 181 (4)
Facial injury 249 (5) 303 (6)
Thoracic injury 198 (4) 162 (3)
Rib fracture 451 (11) 398 (8)
Abdominal injury 87 (2) 89 (2)
Spinal cord injury 36 (1) 30 (1)
Stable vertebral fracture or disc injury 27 (1) 10 (0)
Pelvic injury 301 (6) 249 (5)
Mechanism of injury
Home and leisure 2957 (61) 2582 (53)
Traffic 1272 (26) 895 (18)
Occupational 205 (4) 144 (3)
Sport 321 (7) 165 (3)
Self-harm 18 (0) 27 (1)
8
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Respondersa Non-responders p-value
Violence 64 (1) 149 (3)
Other 46 (1) 42 (1)
missing 887 (18)
Admission to intensive care unit (N, %) 358 (7) 292 (6) 0.00
Educational level (N, %)*
Low 2670 (55) -
Middle 1305 (27) -
High 908 (19) -
Pre-injury work status* 1278 (38) -
amissing variables were imputed
*variables were only collected in responders
Abbreviations: ASA, American Society of Anaesthesiologists Classification; IQR, Inter Quartile Range; N, 
Number.
Lower extremity injury showed to be a prognostic factor for health status , mobility, self-
care, usual activities and pain-discomfort. Upper extremity injury was a prognostic factor 
for health status , self-care, usual activities and pain/discomfort. Spine injury showed to be 
a prognostic factor, although not always significant, for health status , mobility, self-care, 
usual activities and pain/discomfort. Traumatic brain injury showed to be a prognostic factor 
for problems with cognition.
Recovery patterns
Most recovery occurred in the first 6 months (Table 3). Health status measured with the 
EQ-5D utility improved significantly during the first year after injury and health status 
measured with the EQ-VAS significantly increased during the 24 months after injury 
(although not significant at twelve months compared to six months). Patients reported to 
have significantly less problems with mobility, usual activities and pain/discomfort 24 months 
after injury compared to twelve months after injury.
Patients with spine injury showed improved mobility up to three months after injury, whereas 
patients with lower extremity injury showed less mobility problems up to twelve months 
after injury (Table 4). Upper and lower extremity injury showed the same recovery pattern 
during the first two years for self-care. Patients with spine injury showed improvement up 
to six months compared with three months after injury for self-care.
Patients with upper extremity and spine injury reported less problems for usual activities at 
twelve months after injury compared with six months after injury. Recovery mostly occurred 
up until twelve months after injury, except for pain/discomfort. Patients with lower extremity 
TABLE 1. Continued. injury reported significant less problems at 24 months compared to twelve months for pain/
discomfort.
A.
B.
FIGURE 2. (A) Health status scores (95% CI) and (B) % patients reporting problems (95% CI) 
on the dimensions of the EQ-5D-3L.
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TABLE 3. Change in health status and the dimensions of health status over time in multivariable 
linear and logistic mixed models.
1 month vs 1 
week
3 months vs 1 
month
6 months vs 3 
months
12 months vs 6 
months
24 months vs 
12 months
Linear regression coefficients (95% Confidence Interval)*
EQ-5D utility 0.13 (0.12, 0.14) 0.12 (0.11, 0.13) 0.06 (0.05, 0.07) 0.01 (0.00, 0.02) 0.00 (-0.01, 0.02)
EQ-VAS 8.48 (7.70, 9.26) 5.97 (5.28, 6.69) 3.12 (2.36, 3.87) 0.24 (-0.52, 1.01) 0.98 (0.19, 1.76)
Odds Ratios (95% Confidence Interval)*
Mobility 0.51 (0.41, 0.63) 0.38 (0.32, 0.46) 0.38 (0.31, 0.46) 0.85 (0.70, 1.03) 0.79 (0.65, 0.97)
Self-care 0.25 (0.21, 0.30) 0.14 (0.12, 0.17) 0.34 (0.28, 0.41) 0.73 (0.59, 0.91) 1.03 (0.82, 1.30)
Usual activities 0.67 (0.54, 0.83) 0.22 (0.19, 0.27) 0.31 (0.26, 0.37) 0.61 (0.52, 0.73) 0.82 (0.69, 0.98)
Pain/discomfort 0.46 (0.37, 0.56) 0.36 (0.30, 0.42) 0.51 (0.44, 0.61) 0.68 (0.58, 0.80) 0.84 (0.71, 1.00)
Anxiety/
depression 0.99 (0.82, 1.21) 0.70 (0.59, 0.84) 0.70 (0.58, 0.85) 0.83 (0.68, 1.02) 0.89 (0.72, 1.11)
Cognition 0.85 (0.68, 1.06) 0.91 (0.75, 1.12) 0.62 (0.49, 0.77) 1.09 (0.86, 1.38) 1.15 (0.91, 1.45)
*Regression coefficients and odds ratios in longitudinal analyses adjusted for sex, age, American 
Society of Anaesthesiologists Classification, Injury Severity Score, length of stay at hospital, Functional 
Capacity Index, Injury classifications, admission to intensive care unit, pre-injury work status, 
educational level, frailty and pre-injury status
TA
B
LE
 2
. C
on
tin
ue
d.
8
186 187
PROGNOSTIC FACTORS FOR RECOVERY AFTER TRAUMACHAPTER 8
TABLE 4. Change in the dimensions of health status over time in multivariable logistic mixed models 
for different injury classifications
Adjusted Odds Ratios (95% Confidence Interval)*
1 month vs 
1 week
3 months vs 
1 month
6 months vs 
3 months
12 months vs 
6 months
24 months vs 
12 months
Mobility
Lower extremity1 0.78 (0.48, 1.27) 0.24 (0.16, 0.35) 0.17 (0.12, 0.23) 0.54 (0.41, 0.70) 0.79 (0.60, 1.03)
Spine2 0.12 (0.05, 0.30) 0.18 (0.08, 0.37) 0.37 (0.17, 0.81) 1.01 (0.47, 2.22) 0.70 (0.31, 1.60)
Self-care
Lower extremity1 0.33 (0.24, 0.44) 0.66 (0.52, 0.84) 0.75 (0.58, 0.95) 0.66 (0.49, 0.88) 1.05 (0.77, 1.43)
Upper extremity3 0.19 (0.11, 0.32) 0.09 (0.06, 0.15) 0.25 (0.16, 0.40) 0.51 (0.30, 0.87) 0.72 (0.40, 1.31)
Spine2 0.25 (0.11, 0.57) 0.05 (0.02, 0.11) 0.15 (0.06, 0.34) 0.55 (0.21, 1.43) 1.43 (0.52, 3.93)
Usual activities
Upper extremity3 0.40 (0.22, 0.73) 0.20 (0.13, 0.32) 0.25 (0.17, 0.38) 0.61 (0.40, 0.90) 0.76 (0.50, 1.15)
Spine2 0.48 (0.17, 1.30) 0.11 (0.05, 0.25) 0.24 (0.12, 0.49) 0.30 (0.15, 0.60) 1.71 (0.58, 2.38)
Pain/discomfort
Lower extremity1 0.42 (0.30, 0.59) 0.53 (0.41, 0.69) 0.49 (0.39, 0.63) 0.66 (0.52, 0.84) 0.75 (0.59, 0.96)
Upper extremity3 0.49 (0.27, 0.87) 0.27 (0.17, 0.43) 0.48 (0.32, 0.73) 0.52 (0.35, 0.78) 0.78 (0.52, 1.18)
Spine2 0.35 (0.12, 0.98) 0.29 (0.13, 0.64) 0.62 (0.30, 1.27) 0.19 (0.09, 0.39) 1.27 (0.64, 2.50)
Anxiety/depression
Spine2 0.69 (0.33, 1.43) 0.92 (0.49, 1.74) 0.64 (0.32, 1.27) 0.81 (0.40, 1.64) 0.87 (0.41, 1.85)
Cognition
Traumatic Brain 
Injury4 0.72 (0.50, 1.02) 0.85 (0.60, 1.18) 0.69 (0.48, 0.99) 0.91 (0.63, 1.32) 1.15 (0.79, 1.68)
*Odds Ratios in longitudinal analyses adjusted for sex, age, American Society of Anaesthesiologists 
Classification, Injury Severity Score, length of stay at hospital, Functional Capacity Index, Injury 
classifications, admission to intensive care unit, pre-injury work status, educational level, frailty and 
pre-injury status
1Patients with pelvic injury, hip fracture or tibia, complex foot or femur fracture
2Patients with spinal cord injury or stable vertebral fracture or disc injury
3Patients with shoulder and upper arm injury or radius, ulna or hand fracture
4Patients with Traumatic brain injury, independent of injury severity
DISCUSSION
In this multicentre prospective cohort study, we found that patients reported problems up 
until two years after injury. Health status was especially low during the first six months after 
injury, in which patients often reported problems in most of the dimensions of health status. 
Lower pre-injury health status, frailty and longer length of stay at hospital were prognostic 
factors for both decreased health status and reporting problems in the dimensions during 
the first two years after trauma. For the EQ-5D dimensions mobility, usual activities and pain/
discomfort less problems were reported at two years compared to one year after trauma, 
as for the other dimensions we found no decrease in reported problems after one year.
Previous research showed that age is a prognostic factor for reduced health status9,15,24. 
In contrast, results from this study showed improved overall health status. This could be 
explained by the addition of the strong risk-factors pre-injury health status and frailty in the 
multivariable adjusted models. Indicating that not the increase of age is a prognostic factor 
for poor health status, but the patients’ health status before injury. Not all elderly patients 
are frail nor are they in poor health. With the ageing population, frailty and pre-injury health 
status are essential to consider when assessing recovery patterns in injury patients. Higher 
age was a prognostic factor for problems with mobility and self-care but showed to be a 
protective factor for other dimensions of the EQ-5D. The latter is in line with a recent study, 
stating that the relationship between age and the dimensions of EQ-5D differed4.
The addition of the cognitive dimension on the EQ-5D has previously been shown to improve 
classification and validity, especially in patients with TBI25,26. In line with these findings, this 
study showed that patients with TBI were at risk on developing cognitive problems after 
injury. It has been suggested previously that most patients with mild TBI patients recover 
fully within three to six month, although some patients with mild TBI and patients with more 
severe TBI suffer persistent cognitive problems27-29. Our study showed that TBI patients 
reported to be recovered after six months, in line with the recovery pattern of mild TBI 
patients. This is possibly due to the fact that most responders of the BIOS-study suffered 
mostly mild TBI (27%) compared to moderate/severe TBI (4%). Further evaluation of these 
subgroups with more specific outcome measures are necessary to determine their recovery 
patterns.
In line with previous studies, this study showed that female sex is a prognostic factor for 
poor health status after injury4,5,7,8,12,15,30. It has been suggested that problems were more 
often reported in females, in contrast to males, who dismiss there complaints more often. 
Another explanation could be that women experience more psychological impact, resulting 
in lower health status.
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Except for longer length of stay at the hospital, no injury related characteristics were found 
to be prognostic factors for anxiety/depression complaints. These results suggest that 
psychological problems after injury are mainly based on patient characteristics, which is 
confirmed in previous research31,32.
Although the large prospective longitudinal design of this study is a major strength, there 
are also some limitations. First, only 50% of the patients responded to the BIOS-study. 
We found differences in injury and patient characteristics between responders and non-
responders of the BIOS-study, e.g. responders were more severely injured compared to the 
non-responders, indicating selection bias. Next, it is also possible that selective dropout has 
occurred. We suspect that patients who were fully recovered were less likely to respond to 
the follow-up questions, resulting in an overestimation of complaints after injury.
We acknowledge that long-term non-fatal outcomes should be incorporated in the trauma 
registry33. These outcomes could be used to inform caregivers and patients about their 
expected recovery patterns. However, pre-injury health status is essential in predicting short 
and long-term outcome after injury and should therefore also be included in the registry. 
Furthermore, the dimensions of the EQ-5D and health status showed to have different 
recovery patterns for different injury classifications. Non-fatal outcome should not only be 
focused on health status, but especially on the different dimensions.
Although patients showed to be recovered after six months for the dimensions anxiety/
depression and cognition, the dimensions mobility, pain/discomfort and usual activities 
still improved 2 years after injury. These results contribute to the increase in knowledge of 
recovery patterns and could be a starting point to develop prediction models for specific 
injury classifications for the implementation of personalized medicine.
REFERENCES
1. Liberman M, Mulder DS, Lavoie A, Sampalis JS. Implementation of a trauma care system: 
evolution through evaluation. J Trauma. 2004;56(6):1330-1335.
2. Cameron PA, Gabbe BJ, Cooper DJ, Walker T, Judson R, McNeil J. A statewide system of 
trauma care in Victoria: effect on patient survival. Med J Aust. 2008;189(10):546.
3. Moore L, Hanley JA, Turgeon AF, Lavoie A. Evaluation of the long-term trend in mortality 
from injury in a mature inclusive trauma system. World J Surg. 2010;34(9):2069-2075.
4. Gabbe BJ, Simpson PM, Cameron PA, Ponsford J, Lyons RA, Collie A, et al. Long-term health 
status and trajectories of seriously injured patients: A population-based longitudinal 
study. PLoS Medicine. 2017;14(7):e1002322.
5. Christensen MC, Banner C, Lefering R, Vallejo-Torres L, Morris S. Quality of life after 
severe trauma: results from the global trauma trial with recombinant Factor VII. J Trauma. 
2011;70(6):1524-1531.
6. Sluys K, Häggmark T, Iselius L. Outcome and quality of life 5 years after major trauma. J 
Trauma. 2005;59(1):223-232.
7. Steel J, Youssef M, Pfeifer R, Ramirez JM, Probst C, Sellei R, et al. Health-related quality 
of life in patients with multiple injuries and traumatic brain injury 10 years postinjury. J 
Trauma. 2010;69(3):523-531.
8. Ringburg AN, Polinder S, van Ierland, Marie Catherine P, Steyerberg EW, van Lieshout EM, 
Patka P, et al. Prevalence and prognostic factors of disability after major trauma. J Trauma. 
2011;70(4):916-922.
9. Holtslag HR, van Beeck EF, Lindeman E, Leenen LP. Determinants of long-term functional 
consequences after major trauma. J Trauma. 2007;62(4):919-927.
10. Ulvik A, Kvåle R, Wentzel-Larsen T, Flaatten H. Quality of life 2–7 years after major trauma. 
Acta Anaesthesiol Scand. 2008;52(2):195-201.
11. Harris I, Dao ATT, Young J, Solomon M, Jalaludin BB, Rae H. Factors predicting patient 
satisfaction following major trauma. Injury. 2007;38(9):1102-1108.
12. Holbrook TL, Hoyt DB. The impact of major trauma: quality-of-life outcomes are worse 
in women than in men, independent of mechanism and injury severity. J Trauma. 
2004;56(2):284-290.
13. Andelic N, Hammergren N, Bautz-Holter E, Sveen U, Brunborg C, Røe C. Functional 
outcome and health-related quality of life 10 years after moderate-to-severe traumatic 
brain injury. Acta Neurol Scand. 2009;120(1):16-23.
14. Sampalis JS, Liberman M, Davis L, Angelopoulos J, Longo N, Joch M, et al. Functional status 
and quality of life in survivors of injury treated at tertiary trauma centers: what are we 
neglecting? J Trauma. 2006;60(4):806-813.
15. Polinder S, van Beeck EF, Essink-Bot ML, Toet H, Looman CW, Mulder S, et al. Functional 
outcome at 2.5, 5, 9, and 24 months after injury in the Netherlands. J Trauma. 
2007;62(1):133-141.
16. de Jongh MA, Kruithof N, Gosens T, van de Ree CL, de Munter L, Brouwers L, et al. 
Prevalence, recovery patterns and predictors of quality of life and costs after non-fatal 
injury: the Brabant Injury Outcome Surveillance (BIOS. study. Inj Prev. 2017;23(1):59-2016-
042032.
17. The EuroQol Group. EuroQol-a new facility for the measurement of health-related quality 
of life. Health Policy. 1990;16(3):199-208.
18. Lamers LM, McDonnell J, Stalmeier PF, Krabbe PF, Busschbach JJ. The Dutch tariff: results 
and arguments for an effective design for national EQ-5D valuation studies. Health Econ. 
2006;15(10):1121-1132.
19. Aitken LM, Davey TM, Ambrose J, Connelly LB, Swanson C, Bellamy N. Health outcomes 
of adults 3 months after injury. Injury. 2007;38:19-26.
20. Steverink N, Slaets J, Schuurmans H, van Lis M. Measuring frailty: developing and testing 
the GFI (Groningen Frailty Indicator). Gerontologist. 2001;41(Special Issue 1):236-237.
8
190 191
PROGNOSTIC FACTORS FOR RECOVERY AFTER TRAUMACHAPTER 8
21. Gennarelli TA, Wodzin E. Abbreviated injury scale 2005: update 2008. Russ Reeder; 2008.
22. van Buuren S, Oudshoorn K. Flexible multivariate imputation by MICE. 1999; PG/
VGZ/99.054.
23. Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW, et al. 
Transparent Reporting of a multivariable prediction model for individual Prognosis or 
diagnosis (TRIPOD): Explanation and ElaborationThe TRIPOD Statement: explanation and 
elaboration. Ann Intern Med. 2015;162(1):W1-W73.
24. Gabbe BJ, Simpson PM, Harrison JE, Lyons RA, Ameratunga S, Ponsford J, et al. Return to 
work and functional outcomes after major trauma. Ann Surg. 2016;263(4):623-632.
25. Geraerds A, Bonsel GJ, Janssen MF, de Jongh M, Spronk I, Polinder S, et al. The added value 
of the EQ-5D with a cognition dimension in injury patients with and without traumatic 
brain injury. Qual Life Res. 2019;28(7):1931-1939.
26. Ophuis RH, Janssen MF, Bonsel GJ, Panneman MJ, Polinder S, Haagsma JA. Health-related 
quality of life in injury patients: the added value of extending the EQ-5D-3L with a cognitive 
dimension. Quality Life Res. 2019;28(7):1941-1949.
27. Frencham KA, Fox AM, Maybery MT. Neuropsychological studies of mild traumatic brain 
injury: A meta-analytic review of research since 1995. J Clin Exp Neuropsyc. 2005;27(3):334-
351.
28. Carroll L, Cassidy JD, Peloso P, Borg J, Von Holst H, Holm L, et al. Prognosis for mild 
traumatic brain injury: results of the WHO Collaborating Centre Task Force on Mild 
Traumatic Brain Injury. J Rehabil Med. 2004;36(0):84-105.
29. Rabinowitz AR, Levin HS. Cognitive sequelae of traumatic brain injury. Psychiatr Clin North 
Am. 2014;37(1):1-11.
30. Bazarian JJ, Blyth B, Mookerjee S, He H, McDermott MP. Sex differences in outcome after 
mild traumatic brain injury. J Neurotrauma. 2010;27(3):527-539.
31. Quale AJ, Schanke A, Frøslie KF, Røise O. Severity of injury does not have any impact on 
posttraumatic stress symptoms in severely injured patients. Injury. 2009;40(5):498-505.
32. Wiseman TA, Curtis K, Lam M, Foster K. Incidence of depression, anxiety and stress 
following traumatic injury: a longitudinal study. Scand J Trauma Resusc Emerg Med. 
2015;23(1):29.
33. Haider AH, Herrera-Escobar JP, Al Rafai SS, Harlow AF, Apoj M, Nehra D, et al. Factors 
Associated With Long-Term Outcomes After Injury: Results of the Functional Outcomes 
and Recovery After Trauma Emergencies (FORTE) Multicenter Cohort Study. Ann Surg. 
2018;Epub ahead of print.
8
PREVALENCE AND PROGNOSTIC FACTORS FOR 
PSYCHOLOGICAL DISTRESS AFTER TRAUMA
L de Munter, S Polinder, JA Haagsma, N Kruithof, 
CLP van de Ree, EW Steyerberg, MAC de Jongh
Arch Phys Med Rehabil. 2019 [Epub ahead of print]
9
194 195
PSYCHOLOGICAL DISTRESS AFTER TRAUMACHAPTER 9
ABSTRACT
Objective: To describe the prevalence and prognostic factors of symptoms of anxiety and 
depression and posttraumatic stress symptoms (PTSS) after injury in the clinical trauma 
population.
Design: Multicentre prospective observational cohort study.
Setting: Ten hospitals in Noord-Brabant, the Netherlands.
Participants: 4,239 adult trauma patients admitted between August 2015 and December 
2016
Interventions: Patients were asked to complete a questionnaire at one week, and one, 
three, six and twelve months after injury.
Main Outcome Measures: The Hospital Anxiety and Depression Scale was used to assess 
anxiety and depressive symptoms and the Impact of Event Scale was used to assess PTSS.
Results: The prevalence of symptoms of anxiety and depression decreased from 10% and 
12% respectively at one week after injury to 7% and 7% at twelve months after injury. Acute 
traumatic stress symptoms were present in 13% at one week and PTSS was prevalent in 
10% of the participants at twelve months after injury. Strong prognostic factors for poor 
psychological outcome in multivariable logistic mixed models were pre-injury frailty, 
psychological complaints and non-working status pre-injury, female gender, low educational 
level and accident category (i.e. traffic accident, work-related or accidents at home compared 
to sport injuries).
Conclusion: Psychological distress is a common health problem during the first year 
after injury. Important prognostic factors for psychological distress include psychological 
complaints before injury and frailty. Early recognition of psychological problems after injury 
could facilitate discussion between caregivers and patients and improve recovery.
INTRODUCTION
Annually, almost 80,000 patients are admitted to a hospital after injury in the Netherlands1. 
Mortality rates in the trauma population decreased over the last decades in countries with 
advanced health care, causing an expansion of the focus to non-fatal consequences after 
trauma2.
Trauma patients often suffer short- and long-term psychological distress3,4. Psychological 
distress is a general term to describe a state of emotional suffering that interferes with 
the level of functioning, and could be characterized by posttraumatic stress symptoms 
(PTSS), and symptoms of depression and anxiety5. Previous research showed that higher 
psychological distress after trauma was associated with higher experienced disability, lower 
health related quality of life and lower self-reported recovery6-10.
Published literature about the prevalence of psychological distress after injury and its 
prognostic factors among the general trauma population is scarce, because most studies 
are based on specific subsets of the trauma population, e.g. specific injuries, road traffic 
accidents or the working (male) population11-19. Previous studies showed prevalence rates 
of symptoms of anxiety and depression or PTSS in the general trauma population of 4% to 
24%, 6% to 42% and 2% to 30% respectively post-injury3,20,21. However, these studies were 
often conducted in a small sample size or were not assessed over time.
Many effective interventions are available to treat patients with psychological distress 
after injury22. However, health care givers often do not recognize patients suffering 
psychological distress. Early identification of patients who are vulnerable for developing 
subsequent psychological sequelae could help caregivers to recognize patients with a high 
risk of psychological distress and could benefit patient functional recovery, rehabilitation 
and wound healing21,23-27. Previous studies in cancer-related diseases showed that early 
identification of psychological distress is successful, it is likely to benefit communication 
and referral and increases patient well-being28,29.
This study aimed to describe the prevalence and prognostic factors of symptoms of anxiety 
and depression, and PTSS during the first year after injury in the clinical trauma population.
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METHODS
Participants
This prospective cohort study was part of the Brabant Injury Outcome Surveillance Study 
(BIOS-study)30. Adult injury patients (≥18yrs) who were admitted between August 2015 and 
November 2016, within 48 hours after injury to an ICU or a ward in the region Noord-
Brabant, the Netherlands, and survived to hospital discharge were included in this study. 
Patients with a pathological fracture, insufficient knowledge of the Dutch language or with 
no place of residence were excluded. If patients were unable to complete the questionnaires, 
a proxy informant was asked to complete the questionnaires.
Design
The BIOS-study is a multicenter prospective observational cohort study. Patients were 
asked to complete a questionnaire on paper or digitally at one week, one, three, six and 
twelve months after injury. Patients who did not complete the questionnaire one week after 
trauma, were asked to participate from one month or three months onwards. Patients who 
did not respond to a questionnaire were considered non-responders for that time point, 
but were asked again to participate in the following questionnaire. Patients who did not 
completed questionnaires up until three months were asked to complete a short version 
of the questionnaire to increase response. The short questionnaire did not include proxy 
assessment nor did it include digital assessment. An elaboration on the study design can 
be found elsewhere30.
All patients who participated in the BIOS-study signed an informed consent. The study was 
approved by the Medical Ethics Committee Brabant (NL50258.028.14). Data was anonymized 
prior to access.
Data collection
Patient characteristics were collected for all patients (i.e. gender, educational level, 
comorbidities and living situation). Follow-up questionnaires from the BIOS-study included 
health status, psychological and functional outcome. The short questionnaire included 
demographics, health status and the Impact of Event Scale (IES) (the latter was excluded 
in the short version of the questionnaire for patients who were ≥65years and suffered hip 
fracture).
Patients who participated at one week or one month after trauma completed a questionnaire 
including pre-injury psychological complaints and pre-injury frailty. Pre-injury psychological 
complaints were measured with the anxiety/depression domain of the EuroQol-5D-3L 
questionnaire31. Frailty was measured with the Groningen Frailty Index (GFI)32 in patients 
≥65 years old, with GFI≥4 indicating frailty33. Patients <65 years old were considered not frail. 
Education was categorized in low (no diploma, primary education or preparatory secondary 
vocational education), middle (university preparatory education, senior general secondary 
education or senior secondary vocational education and training) or high (university of 
applied science or an academic degree). Comorbidities were measured with the American 
Society of Anesthesiologists physical status classification (ASA)34, ranging from 1 (healthy) 
to 4 (severe systematic disease, constant threat to life).
Injury characteristics and prehospital data from the Brabant Trauma Registry were 
merged with the BIOS data. The Injury Severity Score (ISS) was calculated according to the 
Abbreviated Injury Scale 2008 (AIS08)35.
Outcome measures
The Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety and 
depressive symptoms36. The HADS consists of fourteen questions, seven for symptoms of 
anxiety (HADS-A) and seven for depressive symptoms (HADS-D). All questions have a 4-point 
response scale and the scores for both subscales ranged from 0 to 21. A higher subscale 
score indicates greater severity of symptoms for anxiety and depression with a subscale 
value of ≥11 indicating a probable case37. The HADS has shown to be valid in patients with 
traumatic brain injury and has been used in several studies with trauma patients38-40.
The IES was used to assess PTSS41. The IES consists of 15 items of which the patient could 
use a 4-point scale (0=not at all, 1=rarely, 3=sometimes and 5=often) whether the statement 
is present during the last seven days. A total score for the IES could be calculated, ranging 
from 0 to 75. A sum score of ≥35 was considered as PTSS42. Previous research showed 
that the IES is a reliable measure for subjective distress and could be used as a repeated 
measure to track subjective distress over time43. In addition, the Dutch version of the IES 
showed to be valid44. PTSS could be measured from one month after injury. The IES is also 
assessed at one week after injury, indicating symptoms of acute traumatic stress disorder.
If at least one of the outcome measures was above the cut-off value, the patient was 
considered psychological distressed.
Analysis
Missing sum scores ranged from 5.6% (N=165) at six months to 6.5% (N=117) at one 
week after injury for the HADS-A and from 5.3% (N=156) at six months to 6.3% (N=167) 
at one month after injury for the HADS-D. Missing items of the HADS were first imputed 
with individual subscale means according to the half-rule (at least half of the items were 
answered)45. Missing baseline characteristics, missing IES values and the remaining missing 
HADS sum scores were imputed according to multiple imputation with 15 imputations 
and 5 iterations using the multivariate imputation by chained equations procedure46. The 
imputation model included demographics, baseline measures, injury characteristics and 
follow-up questionnaires.
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Patient characteristics were compared between responders and non-responders, with 
a Mann-Whitney U tests and Chi-square tests for continuous and categorical variables, 
respectively. ASA category 3 and 4 (N=43), and the Functional Capacity Index (FCI) category 
1 (N=49) and 2 were combined, due to low prevalence.
Patients who were admitted due to intentional injury (i.e. self-inflicted and violence) were 
excluded from further analyses. Patients who were admitted to the hospital due to self-
inflected injury (N=12) already have indication for appropriate psychological support after 
admission. Patients who were admitted due to violence (N=56) were not included, due to 
the low number of patients and high prevalence of psychological distress.
Potential prognostic factors were gender, age, educational level, psychological complaints 
pre-injury, ASA, length of hospital stay (LOS), FCI, accident category, injury region based 
on AIS08, ISS and work status before injury. Continuous variables were scaled to their 
standardized values (subtracting the mean and divided by the standard deviation). 
Prognostic factors were determined with logistic mixed models.
Odds ratios (OR) for the prognostic factors at each follow-up time point were calculated using 
the interaction term between each prognostic factor and time point in a multivariable logistic 
mixed model, adjusted for all other factors. The reference category of the time variable was 
changed to calculate the main effects of the prognostic factors at each time point.
Analyses were conducted in the statistical programs IBM SPSS version 24 (Chicago, USA) 
and R version 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Patient participation and characteristics
A total of 9,774 patients were asked to participate in the BIOS-study (Figure 1). Responders of 
the questionnaire were significantly younger compared to the non-responders (62.4[SD:18.7] 
and 65.8[SD:22.8] years respectively) (Table 1). Responders were more often healthy (with 
ASA=1 for 35% vs 22%), had a shorter LOS (mean LOS 6.2[SD:5.5] vs 6.9[SD 7.2]) and 
were more often admitted to the ICU (8% vs 6%) and a level I trauma center (26% vs 21%) 
compared to the non-responders. A total of 4,239 patients (43%) completed at least one IES 
questionnaire and 3,388 patients (35%) completed at least one HADS questionnaire. Half of 
the responders reported to be low educated. A total of 363 responders reported to have 
depression or anxiety pre-injury and 487 patients were considered frail. Of the working-
age population (<65 years old) 24% (N=403) of the participants of the HADS questionnaire 
and 26% (N=537) of the participants of the IES questionnaire reported to have no job prior 
to injury.
Prevalence of psychological distress
Psychological distress was prevalent in 23% (N=414) of the participants at one week and in 
14% (N=361) at twelve months after injury (Figure 2). Participants reported most often to 
have only one of the following complaints: PTSS, symptoms of anxiety or depression (13% 
at one week, 9% at twelve months after injury) followed by the co-occurrence of all three 
complaints (3% in the first three months after injury, 2% at twelve months after injury).
Prevalence of anxiety symptoms ranged from 10% (N=169) at one week to 7% (N=157) at 
twelve months post-injury. Symptoms of depression reduced from 12% (N=208) at one week 
to 7% (N=156) at twelve months post-injury. Acute traumatic stress symptoms were prevalent 
in 13% (N=226) at one week and PTSS was prevalent in 10% (N=267) of the participants at 
twelve months after injury.
The prevalence of symptoms of anxiety, symptoms of depression and PTSS in patients who 
were admitted due to violence were 39%, 35% and 50% at one week after injury respectively 
and 44%, 27% and 43% at twelve months after injury respectively.
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FIGURE 1. Flow diagram of participation in BIOS-study.
FIGURE 2. Prevalence of patients with psychological distress (at least one of the outcome measures 
above cut-off) in the first year after injury, and percentages of co-occurrence of psychological 
distress.
TABLE 1. Patient characteristics in the total cohort and the responders who completed the Impact 
of Event Scale (IES).
Total cohort Respondersa Non-responders p-value
N (%) 9,774 (100) 4239 (43) 5535 (57)
Male (%) 4736 (49) 2161 (51) 2575 (47) p < 0.001
Age (median, IQR) 69 (50-82) 65 (51-77) 73 (48-85) p < 0.001
ASA classification (N, %) p < 0.001
1 (healthy) 2458 (25) 1502 (35) 1224 (22)
2 3627 (37) 2056 (49) 1949 (35)
3 1817 (19) 638 (15) 1348 (24)
4 (severe systemic disease) 62 (1) 43 (1) 51 (1)
Missing 1810 (19) - 953 (17)
ISS (median, IQR) 5 (3-9) 5 (3-9) 6 (3-9) p < 0.001
LOS (median, IQR) 4 (2-8) 4 (2-7) 5 (2-9) p < 0.001
FCI (N, %) p < 0.001
1-2 (worse state) 410 (4) 234 (6) 184 (3)
3-4 3734 (38) 1541 (36) 2254 (41)
5 (best possible state) 4938 (51) 2464 (58) 2569 (46)
Missing 692 (7) - 528 (10)
Accident category (N, %) p < 0.001
At home 5499 (56) 2320 (55) 3179 (57)
Traffic incident 2133 (22) 1194 (28) 939 (17)
Work related 337 (3) 192 (5) 145 (3)
Sport 468 (5) 299 (7) 169 (3)
Violence 205 (2) 54 (1) 151 (3)
Self-inflicted 39 (0) 12 (0) 27 (0)
Missing 1093 (11) 168 (4) 925 (17)
Region of injury with AIS≥3 
(N, %)
Upper/lower extremity 2780 (28) 980 (23) 1800 (33) p < 0.001
Spine/neck 124 (1) 72 (2) 52 (1) p < 0.01
Head/face 442 (5) 206 (5) 236 (4) p = 0.160
Torso 450 (5) 257 (6) 193 (3) p < 0.001
Injury classifications (N, %)
Pelvic injury 444 (5) 276 (7) 168 (3)
Hip fracture 2365 (24) 778 (18) 1587 (29)
Tibia, complex foot or 
femur fracture
1074 (11) 543 (13) 531 (10)
Shoulder and upper arm 
injury
890 (9) 444 (11) 446 (8)
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Total cohort Respondersa Non-responders p-value
Radius, ulna or hand 
fracture
591 (6) 293 (7) 293 (5)
Head injury with AIS <=2 2767 (28) 1268 (30) 1499 (27)
Head injury with AIS >=3 367 (4) 168 (4) 199 (4)
Facial injury 552 (6) 242 (6) 310 (6)
Thoracic injury 360 (4) 193 (5) 167 (3)
Rib fracture 939 (10) 529 (13) 410 (7)
Abdominal injury 227 (2) 109 (3) 118 (2)
Spinal cord injury 37 (0) 27 (1) 10 (0)
Stable vertebral fracture or 
disc injury
550 (6) 290 (7) 260 (5)
Admission to IC (N, %) 650 (7) 318 (8) 332 (6) p < 0.001
Admission to trauma center 
(N, %)
p < 0.001
Level I 2287 (23) 1112 (26) 1175 (21)
Level II 5431 (56) 2253 (53) 3178 (57)
Level III 2056 (21) 874 (21) 1182 (21)
aMissing values for the responders were imputed.
Abbreviations: AIS, Abbreviated Injury Scale; ASA, American Society of Anesthesiologists physical status 
classification; FCI, Functional Capacity Index; IC, Intensive Care; IQR, Inter Quartile Range; ISS, Injury 
Severity Score; LOS, Length of Stay; N, number
Prognostic factors for psychological distress
Univariable analyses showed that female gender, psychological complaints pre-injury, frailty 
and longer LOS at hospital were prognostic factors for symptoms of anxiety, depression and 
post-traumatic stress during one year after injury (Table 2). Low educational level, upper/
lower extremity injury (AIS≥3), no work status prior to injury and accidents at home or work 
also showed to be prognostic factors for at least one of the outcome measures.
In the multivariable analyses, psychological complaints pre-injury, frailty and longer LOS at 
hospital were prognostic factors for all three outcome measures (anxiety and depressive 
symptoms and PTSS (Table 2). An additional prognostic factor for depressive symptoms 
was female gender (OR:1.33 [95% CI:0.79,2.22]). Additional prognostic factors for PTSS were 
female gender (OR:1.66 [95% CI:1.07,2.59]) and traffic accident (OR:3.12 [95% CI:1.16,8.39] 
with sport injury as reference) (Supplemental file 1).
Short- and long-term prognostic factors
Short-term prognostic factors (first three months) for symptoms of anxiety were younger 
age, low educational level, longer LOS and frailty (Supplemental file 2). Long-term prognostic 
factors (three to twelve months) were female gender and younger age.
Longer LOS was a prognostic factor for short-term symptoms of depression. No long-term 
prognostic factors were found. Younger age and female gender were short-term prognostic 
factors for PTSS and long term prognostic factors were longer LOS and low educational level.
TABLE 1. Continued.
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DISCUSSION
Psychological distress was prevalent in 23% of the patients one week after injury and 
decreased to 14% of the patients twelve months after injury. Prognostic factors for poor 
psychological outcome were pre-injury frailty, psychological complaints and non-working 
status pre-injury, female gender, low educational level and accident category (i.e. traffic 
accident, work-related or accidents at home compared to sport injuries). Psychological 
complaints pre-injury and frailty were the most important prognostic factors for 
psychological distress.
Prevalence of psychological distress among patients who were admitted due to intentional 
injury (i.e. self-inflicted or violence) was high, which is in line with previous literature47-49, 
indicating that those patients should be monitored or evaluated carefully. Therefore, 
prognostic factors were only based on patients who did not suffer intentional injury.
In line with previous research, prognostic factors for psychological distress were mainly 
patient characteristics, whereas injury characteristics were not23,50,51. Even though 
previous research showed that ICU admission is a prognostic factor for the development 
of psychological distress after injury24,52, this study does not support this evidence. A longer 
LOS possibly reflects social indication or (medical) complications following their injury.
Psychological distress could result in lower health related quality of life, indicating poor 
recovery after injury53. The prognostic factors discussed in this study could help clinicians 
to recognize patients suffering psychological distress and guide them to discuss those 
problems to improve recovery. Psychologists might be needed to discuss issues with 
personality traits, coping strategies and social support, which were previously suggested 
as predictors of psychological distress54,55. We did not include such characteristics and could 
therefore not confirm their relevance as potential prognostic factors. A more comprehensive 
study, including the prognostic factors assessed in this study and the previously described 
factors should aim to develop a valid and simple prediction model for psychological distress 
after injury. Such a prediction model could help triage patients who are at risk on developing 
psychological distress after injury at an early stage.
Study limitations
The first limitation considers the possibility to generalize the results to other trauma 
populations. The BIOS-study is considered representative for the total trauma population 
in the Netherlands as it contains urban as well as rural areas and includes level I, level II, 
and level III trauma centers. However, only 43% of all patients participated and differences 
were found between baseline characteristics of responders and non-responders implying 
that selection bias could have occurred. Furthermore, it is likely that selective dropout 
occurred. Patients who were fully recovered were probably less likely to complete the follow-
up questionnaires compared to patients who still perceived complaints after their injury, 
resulting in an overestimation of prevalence rates of psychological distress.
Second, this study was based on self-reported questionnaires. Official diagnosis of mental 
health problems should be conducted with a structured interview, according to the 
statistical manual for psychiatric disorders56. The questionnaires in this study only suggest 
psychological complaints and could be used to refer patients for further evaluation by a 
psychologist. In addition, the IES only measures two out of three clusters of PTSS41.
Conclusions
Psychological distress is a common health problem during the first year after injury. The 
most important prognostic factors for psychological distress were psychological complaints 
before injury and frailty. Early recognition of psychological problems could facilitate 
discussions between caregivers and patients and could improve recovery after injury.
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SUPPLEMENTAL FILE 1
FIGURE 1. Percentage of responders in the first year after injury with poor psychological 
outcome for the HADS-A, based on gender, pre-injury employment, length of stay (LOS) in 
hospital and educational level.
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FIGURE 2. Percentage of responders in the first year after injury with poor psychological 
outcome for the HADS-D, based on gender, pre-injury employment, length of stay (LOS) in 
hospital and educational level.
FIGURE 3. Percentage of responders in the first year after injury with poor psychological 
outcome for the IES, based on gender, pre-injury employment, length of stay (LOS) in hospital 
and educational level.
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SUPPLEMENTAL FILE 2
FIGURE 1. OR (95% CI) of the prognostic factors age, female gender and length of stay (LOS) 
at hospital for each follow-up time point for symptoms of anxiety, depression and post-trau-
matic stress.
 Educational level*
*low educational level = reference category
FIGURE 2. OR (95% CI) for educational level for each follow-up time point for symptoms of 
anxiety, depression and post-traumatic stress.
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ABSTRACT
Aim The aim of this study was to determine prognostic factors for medical and productivity 
costs, and return to work (RTW) during the first two years after trauma in a clinical trauma 
population.
Methods This prospective multicentre observational study followed all adult trauma 
patients (≥18 years) admitted to a hospital in Noord-Brabant, the Netherlands from August 
2015 through November 2016. Health care consumption, productivity loss and return to 
work were measured in questionnaires at 1 week, 1, 3, 6, 12 and 24 months after injury. Data 
was linked with hospital registries. Prognostic factors for medical costs and productivity 
costs were analysed with log-linked gamma generalized linear models. Prognostic factors 
for RTW were assessed with Cox proportional hazards model. The predictive ability of the 
models was assessed with McFadden R2 (explained variance) and c-statistics (discrimination).
Results A total of 3785 trauma patients (39% of total study population) responded to at least 
one follow-up questionnaire. Mean medical costs per patient (€9,710) and mean productivity 
costs per patient (€9,000) varied widely. Prognostic factors for high medical costs were 
higher age, female gender, spine injury, lower extremity injury, severe head injury, high 
injury severity, comorbidities, and pre-injury health status. Productivity costs were highest 
in males, and in patients with spinal cord injury, high injury severity, longer length of stay 
at the hospital and patients admitted to the ICU. Prognostic factors for RTW were high 
educational level, male gender, low injury severity, shorter length of stay at the hospital 
and absence of comorbidity.
Conclusions Productivity costs and RTW should be considered when assessing the 
economic impact of injury in addition to medical costs. Prognostic factors may assist in 
identifying high cost groups with potentially modifiable factors for targeted preventive 
interventions, hence reducing costs and increase RTW rates.
INTRODUCTION
Trauma is considered an important public health problem. Almost 80,000 patients (47 
patients per 10,000 inhabitants) were affected by an injury in 2017 in the Netherlands1. 
Furthermore, trauma is a major cause of death, and both short- and long-term disability 
in young adults2.
The economic burden of injury consists of both medical and productivity costs. Medical 
costs are rising the last decades, making it an important societal and political topic3. These 
high costs are mainly due to the high number of (minor) injuries and the increase costs of 
health care4. Productivity costs are based on the period of absence from work. Although 
most individuals with minor injuries rapidly recover and return to their daily activities, a 
significant part of the patients suffer long-term disabilities resulting in a long period of 
absenteeism at work5.
Previous research on the economic burden of injury has focused mainly on specific injuries 
or age groups6-9. One study focused on health care costs and productivity costs of both 
minor and severe injuries10. Risk groups were identified, based on external cause, injury 
groupings, age and sex. They concluded that elderly females with hip fracture, young men 
with traffic injury or soccer injuries and bicycle or motorcycle injuries among all ages are 
known risk groups for high costs10. Previous research on return to work (RTW) provided 
prognostic factors for patients with traumatic brain injury (TBI)11,12, patients with work-related 
injuries13,14, major trauma15 and extremity injury16 and included, among others, the following 
prognostic factors: age, multiple injuries, injury severity and gender.
The prediction of costs and RTW after injury can enable policymakers to prioritize prevention 
and quality of care improvement, based on patient characteristics, pre-injury status and 
comorbidities of the patients. Prevention, intervention strategies and medical practice can 
target costly patients to reduce the economic burden. To our knowledge, no prediction 
models for medical costs, productivity costs and RTW in the total clinical trauma population 
have been developed.
The aim of this study was to determine prognostic factors of medical costs, productivity 
costs and RTW during the first two years after trauma in the clinical trauma population.
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METHODS
Study design
This study was performed with data from the Brabant Injury Outcome Surveillance (BIOS) 
study17. The BIOS study is a prospective observational follow-up cohort study that was 
approved by the Medical Ethics Committee Brabant (NL50258.028.14) and was registered 
at ClinicalTrials.gov (NTC02508675). The BIOS study enrolled all adult (≥18 years) trauma 
patients admitted to a ward or ICU in the region Noord-Brabant, the Netherlands, from 
August 2015 through November 2016 because of an injury. Exclusion criteria were 
insufficient knowledge of the Dutch language, no place of residence, or hospital admission 
due to pathological fractures.
Questionnaires were completed by a proxy if patients were incapable of completing the 
self-reported questionnaires. All participants or proxy informants signed informed consent. 
Patients or proxy informants were asked to complete the self-reported questionnaires at 1 
week, 1, 3, 6, 12 and 24 months after injury.
Outcome measures
Outcome measures were medical costs (in-hospital and post-hospital costs), productivity 
costs and RTW.
In-hospital costs involved the treatments and all activities during admission (i.e. emergency 
department visit, diagnostics, admission to ICU and ward and transport to hospital). In-
hospital activities were registered after trauma and were obtained from the trauma registry 
and hospital registries.
The self-reported questionnaires at 1, 3, 6, 12 and 24 months after injury included the 
Institute for Medical Technology Assessment (iMTA) Medical Consumption Questionnaire 
(iMCQ)18. The iMCQ is a non-disease specific questionnaire for measuring post-hospital 
costs. Patients reported the number of appointments with medical specialists, whether 
they received home care, and stay or treatment at a medical facility. The questionnaires at 
12 and 24 months after injury informed on homecare, GP consult, company doctor consult, 
psychologist and physiotherapist visit only.
Unit costs of health care activities were retrieved from a cost-reference manual19. Costs 
of diagnostics were based on unit costs from hospital price lists, the Dutch health care 
authority (NZa) and previous research20-27. Health care use was multiplied with the costs per 
unit. In-hospital costs and post-hospital costs were calculated by multiplying all activities 
with the corresponding unit price28.
The self-reported questionnaires also included the iMTA Productivity cost questionnaire 
(iPCQ)29,30 to assess RTW and to facilitate calculation of costs concerning productivity loss. 
Patients were asked about RTW and the period of absenteeism. The costs of productivity 
loss were calculated with the friction cost method. This method estimates the costs of 
productivity loss based on an average individual earning of a certain friction period; 
theoretical time until another unemployed person replaced the individual who is absent. 
In line with previous research the friction period was set at 85 working days19. If working 
hours of patients were missing, these missing values were replaced with the national mean 
specified for sex. According to Statistics Netherlands (CBS) (2019)31 the mean working hours 
for men were 36 hours per week and the mean working hours for women were 26 hours 
per week. Productivity loss was calculated by multiplying the missed working hours with the 
mean Dutch hourly wage rate, also specified for sex19. Productivity costs were calculated for 
the working age population (18-67 years). For the calculation of total mean costs (medical 
+ productivity costs), productivity costs for patients aged >67 and patients without paid 
employment were equal to 0.
Prognostic factors
Patient characteristics
Possible patient-related prognostic factors for all outcome measures were gender, age, 
educational level, pre-injury frailty, living situation and pre-injury health status which 
were collected from the questionnaires. Educational level was categorized in low (primary 
education or preparatory secondary vocational education, or no diploma), middle (university 
preparatory education, senior general secondary education or senior secondary vocational 
education and training), and high (university of applied science or an academic degree). Pre-
injury frailty was measured with the Groningen Frailty Index (GFI)32 at 1 week or 1 month 
(if patients did not participate at 1 week after injury) in patients aged ≥65. A sum score of 
4 or higher for the GFI was considered frail and patients under 65 years were considered 
not frail. Pre-injury health status was measured with the EQ-5D-3L 1 week or 1 month (if 
patients did not participate at 1 week after injury). A utility score was calculated by using 
the Dutch tariffs33.
Clinical variables
Clinical variables and injury characteristics were collected with the Brabant Trauma Registry 
(BTR). Data from the BTR was linked with data from the BIOS-study. Possible clinical 
prognostic factors for medical costs, productivity costs and RTW were the presence of 
comorbidities, cause of injury (7 categories: home/leisure, traffic, occupational, sport, self-
harm, violence or other), Injury Severity Score (ISS), the functional capacity index (FCI), injury 
classification and Length of Stay (LOS). The FCI and ISS were based on the Abbreviated Injury 
Scale (AIS) codes (AIS-90, update 2008)34.
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AIS was used to create injury group classifications representing the most common types of 
injuries. In total, 14 injury groups were created: 3 lower extremity (pelvic injury, hip fracture, 
and tibia fracture / complex foot fracture or distal/shaft femur fracture), 2 upper extremity 
(shoulder and upper arm injury, and radius, ulna or hand fracture), 2 head (AIS-head≤2, and 
AIS-head≥3), 1 face, 2 Thorax (thorax injury, and rib fracture), 2 abdomen (AIS-abdomen≤2, 
and AIS-abdomen≥3) and 2 spine (spinal cord injury or brachial plexus lesion, and stable 
vertebral fracture or disc injury) injury groups. Patients who suffered multiple injuries were 
classified in multiple injury group classifications. LOS was not considered as prognostic 
factor for in-hospital costs because LOS was directly used to calculate medical costs.
Statistical analysis
Results are reported according to the TRIPOD guidelines35. Analyses were performed in 
SPSS V.24 (statistical package for social sciences, Chicago, Illinois, USA) and R version 3.4.2 
(R foundational for statistical computing, Vienna, Austria).
Patient characteristics were compared between responders and non-responders, with 
Mann-Whitney U tests and Chi-square tests for continuous and categorical variables 
respectively. Mean, median and interquartile range (IQR) of total costs, medical costs and 
productivity costs were calculated.
Missing baseline characteristics were imputed according to multiple imputation by using the 
Multivariate Imputations by Chained Equations (MICE) procedure with 15 imputations and 5 
iterations36. The imputation model included baseline characteristics, injury characteristics 
and summary scores of the follow-up questionnaires. Missing outcome values were excluded 
from analyses (n=264 for medical costs).
Prognostic factors for medical costs and productivity costs were assessed with with 
log-linked gamma generalized linear models (GLM). The predictive ability was measured 
with explained variance (McFadden pseudo-R2). The relative difference in mean costs 
(exp[parameter estimate]) with 95% Confidence Interval (CI) were reported for the three 
models.
Prognostic factors for RTW were assessed with a Cox proportional hazards model. The 
analyses for RTW and productivity costs included patients aged ≤67 years who had paid 
employment prior to injury (n=1236). The period of absenteeism (weeks) was set as time 
variable and RTW (1=RTW, 0=no RTW) as the dependent variable. The proportional hazards 
assumption (the ratio of the hazards for patients was constant over time) was checked 
visually with Kaplan-Meier curves. Hazard Ratios (HR) and 95% CI were reported. The 
predictive ability of the model was assessed with the C-statistic (a measure of goodness of 
fit for binary outcomes). A p-value of <0.05 was considered statistically significant.
TABLE 1. Patient characteristics for the research population; responders and non-responders
Responders to BIOSa Non-responders p-value*
n 3785 5989
Mean age (SD) 64.2 (18.9) 64.4 (22.5) 0.529
Females (n) 1911 (50.5%) 3127 (52.2%) 0.097
Median ISS (IQR)
Mean ISS (SD)
5 (4-9)
6.6 (5.0)
5 (2-9)b
6.2 (4.7)b
<0.001
Median LOS (IQR) 4 (2-8) 4 (2-8)c 0.537
Admission to ICU (n) 284 (7.5%) 366 (6.1%) <0.01
Injury classification (n)
Pelvic injury 250 (6.6%) 194 (6.5%)
Hip fracture 979 (25.9%) 1386 (23.1%)
Tibia, complex foot or femur fracture 443 (11.7%) 631 (10.5%)
Shoulder and upper arm injury 354 (9.4%) 536 (8.9%)
Radius, ulna or hand fracture 243 (6.4%) 348 (5.8%)
Head injury with AIS ≤ 2 1013 (26.8%) 1754 (29.3%)
Head injury with AIS ≥ 3 143 (3.8%) 224 (3.7%)
Facial injury 196 (5.2%) 356 (5.9%)
Thoracic injury 161 (4.3%) 199 (3.3%)
Rib fracture 421 (11.1%) 518 (8.6%)
Abdominal injury AIS ≤ 2 74 (2.0%) 102 (1.7%)
Abdominal injury AIS ≥ 3 29 (0.8%) 37 (0.6%)
Spinal cord injury 18 (0.5%) 19 (0.3%)
Stable vertebral fracture or disc injury 238 (6.3%) 312 (5.2%)
amissing items for responders to the BIOS questionnaires were imputed
bmissing values: 406
cmissing values: 456
*Student’s t-test with unequal variance for age, Mann-Whitney U tests for ISS and LOS and Chi-
square tests for gender and admission to ICU.
Abbreviations: AIS, Abbreviated Injury Scale; ICU, Intensive Care Unit; IQR, Inter Quartile Range; ISS, Injury 
Severity Score; n, number; SD, Standard Deviation
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RESULTS
Patient and study characteristics
A total of 3785 trauma patients (39% of total study population, n=9774) completed at least 
one follow-up questionnaire on health care use and RTW in the context of the BIOS-study 
(Supplemental Figure 1). Responders had a mean age (SD) of 64.2 (18.9) years and 1911 
(50.5%) were female (Table 1). The median ISS (IQR) was 5 (4-9) and the median (IQR) length 
of stay at the hospital was 4 (2-8) days.
Responders (n=3785) were more often admitted to the intensive care unit (ICU), and were 
more severely injured, according to the ISS (median [IQR] 5 [4-9] and 5 [2-9] respectively) 
compared to the non-responders (n=5989).
Costs of trauma
Mean total costs per respondent were €12,970 (median: €7,290, IQR: €4,010-€15,960) (Table 
2), of which medical costs comprised 75% and productivity costs comprised 25%. Highest 
mean total costs and medical costs per patient based on injury classifications were found 
in patients with spinal cord injury (mean: €36,720, 67% medical costs and 33% productivity 
costs [median €20,690, IQR: €10,200-€69,070]), followed by patients with severe abdominal 
injury (mean: €31,540, 72% medical costs and 28% productivity costs [median €18,200, IQR: 
€9,040-€44,390]) (Figure 1a). Patients with ISS>15 also showed high mean medical and high 
mean productivity costs per respondent (€24,380 and €18,770 respectively).
Mean medical costs per patient were €9,710 (median: €4,900, IQR: €2,780-€9,300)
All variables showed significant associations with medical costs in the univariable GLM 
(Supplemental Table 1). Higher age was independently associated with increased medical 
costs in the multivariable GLM (Table 3). Medical costs were on average 1.77 (95% CI: 1.48, 
2.12) times higher in patients aged ≥75 compared to patients aged 18-44. Pelvic injury, 
tibia, complex foot or femur fracture, severe head injury, severe abdominal injury, spinal 
cord injury or stable vertebral fracture/disc injury were associated with increased medical 
costs. Besides, female gender, higher ISS and ≥2 comorbidities were prognostic factors for 
higher medical costs compared to male gender, low ISS and no comorbidities respectively. 
McFadden R2 of the multivariable model was 31,5%.
TABLE 2. mean and median (IQR) total costs in euros (€) of medical and productivity loss costs in 
the clinical trauma in population in the first two year after trauma.
Total costsc (€)
N=3172
Medical costs (€)
N=3521
Productivity loss costsa (€)
N=1032
Mean Median (IQR) Mean Median (IQR) Mean Median (IQR)
Total study 
population 12970 7290 (4010-15960) 9710 4900 (2780-9300) 9000 7410 (2770-14900)
Age (years)
18-44
45-64
65-74b
≥75
13560
14110
9020
14140
9290 (4460-18620)
9820 (4880-19600)
5060 (3120-9060)
7090 (4120-15590)
6040
7160
8780
14140
2800 (1910-5450)
4000 (2480-7100)
4980 (3060-8730)
7090 (4120-15590)
8630
9280
7130
6880 (2640-14970)
7750 (3300-14970)
3770 (2120-10080)
Gender
 Male
 Female
12900
13020
7180 (3860-18540)
7360 (4130-14520)
8090
11310
4070 (2380-7740)
5700 (3320-11150)
10480
6490
9660 (2940-16760)
6160 (2640-10080)
Educational level
Low
Middle
High
13090
12840
12780
7210 (3980-15490)
7440 (3980-16800)
7300 (4070-15180)
11020
8010
8570
5650 (3220-11510)
4140 (2390-7510)
4050 (2460-7410)
10590
9590
6900
9880 (4500-16760)
8620 (3090-16760)
5200 (2150-10850)
Injury 
classifications
Pelvic injury 19620 11620 (6340-16740) 16010 8820 (4750-17570) 14110 14900 (9360-18620)
Hip fracture 15400 8200 (4850-18130) 14230 6920 (4360-14460) 9670 9170 (5440-14970)
Tibia, complex 
foot or femur 
fracture
15870 10220 (5220-21490) 11330 5860 (3610-11210) 11100 10080 (4470-16760)
Shoulder and 
upper arm injury 12870 8630 (4980-16540) 9660 5700 (3130-9330) 9110 7750 (3520-14180)
Radius, ulna or 
hand fracture 14560 8780 (4530-20400) 9550 4840 (2600-10090) 10590 9300 (3740-16760)
Head injury AIS ≤ 2 9970 5230 (3010-11990) 7060 3430 (2180-6700) 7340 5240 (2040-12440)
Head injury AIS ≥ 3 17620 8650 (5440-21500) 14450 6660 (4020-15420) 12680 13930 (6100-17180)
Facial injury 13260 6590 (3270-15100) 8660 3530 (2260-7980) 8830 6200 (2650-12400)
Thoracic injury 18450 13600 (6500-22610) 12520 6820 (4100-11960) 12200 10970 (5990-16760)
Rib fracture 14570 8670 (4730-17770) 10020 5400 (3150-9260) 10420 9240 (4230-16760)
Abdominal injury 
AIS ≤ 2
15810 8430 (4010-15870) 11480 4970 (2690-13020) 8290 6880 (2730-12460)
Abdominal injury 
AIS ≥ 3
31540 18200 (9040-44390) 22660 10080 (5730-33460) 12640 10840 (5910-18620)
Spinal cord injury 36720 20690 (10200-69070) 24540 11870 (5460-32570) 14640 16760 (7750-18620)
Stable vertebral 
fracture or disc 
injury
18110 12460 (5710-22360) 12350 6240 (3430-11730) 12370 12400 (7450-16760)
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Total costsc (€)
N=3172
Medical costs (€)
N=3521
Productivity loss costsa (€)
N=1032
Mean Median (IQR) Mean Median (IQR) Mean Median (IQR)
ISS
 1-3
 4-8
 9-15
 >15
7830
11980
15090
24380
4360 (2610-8560)
7380 (3970-15660)
8570 (4950-18560)
16660 (8220-32910)
5160
7870
12670
18770
2670 (1900-4720)
4210 (2570-7760)
6580 (4130-12090)
9780 (5830-22380)
5590
9650
10610
13460
2950 (1550-8370)
8510 (3490-15510)
9900 (5450-16760)
13940 (8860-18620)
External cause
 Home and leisure
 Traffic
 Occupational
 Sport
 Self-harm
 Violence
 Other
13230
11930
20370
10980
11830
10460
11500
7280 (4020-15130)
6910 (3900-15400)
19920 (4730-27240)
7840 (4130-16020)
9290 (3170-20770)
5240 (3990-9240)
6110 (3570-18270)
11300
8090
7830
4500
7850
7140
7900
5610 (3290-11250)
4270 (2440-7740)
3450 (2100-7600)
3090 (2190-5020)
6680 (3150-13100)
3250 (1530-5410)
3710 (1950-11740)
8780
8210
14640
8320
7600
7880
6470
7580 (3050-13860)
6600 (2650-13100)
7450 (16760-16760)
6840 (2660-13530)
7000 (1340-14430)
5070 (1980-12470)
4980 (1160-12450)
aProductivity loss costs were only assessed for patients aged 18-67 years with paid employment before injury 
(N=1236, 204 missing productivity loss costs).
bCategory changed to 65-67 for productivity loss costs.
cTotal costs were only calculated for patients with both known medical costs and productivity loss costs.
Abbreviations: AIS, Abbreviated Injury Scale; CI, Confidence Interval; HS, Health Status; ISS, Injury Severity Score; LOS, 
Length of Stay; NA, Not Applicable.
Average productivity costs per respondent were €9,000 (median: €7,410, IQR: €2,770-
€14,900) within the working population. Highest mean productivity costs per patient were 
found in patients with spinal cord injury (€14,640, median: €16760, IQR: €7,750-€18,620) and 
pelvic injury (€14,110, median: €14,900, IQR: €9,360-€18,620) (Figure 1b). Mean productivity 
costs were also high in patients who were admitted due to occupational injury (mean 
€14,640 per patient) and in patients with ISS>15 (mean: €13,460 per patient).
Number of comorbidities, pre-injury health status and age showed not to be associated 
with productivity costs in the univariable GLM (Supplemental Table 1). In contrast with the 
univariable GLM, lower age showed to be associated with higher productivity costs in the 
multivariable GLM. Prognostic factors for increased productivity costs were male gender, low 
educational level, stable vertebral fracture/disc injury, higher ISS, higher LOS, occupational 
injury and admission to the ICU in the multivariable GLM (Table 3). McFadden R2 of the 
multivariable model was 19,8%.
RTW
Within the working age population (18-67 years, n=1964) a total of 1,236 patients (63%) 
reported to have paid employment prior to injury, of which 131 patients (11%) had a missing 
value for time to event. For patients with known outcome (n=1105), median survival weeks 
was 8 (IQR: 2.5-17.7). A total of 180 patients were censored due to loss to follow-up (Figure 
TABLE 2. Continued.
2). At 12 months after injury, 82% (n=905) of the patients with known outcome returned to 
work and 5% (n=59) did not return to work.
Age, gender, number of comorbidities and pre-injury health status showed no significant 
association with RTW in the univariable Cox regression analyses (Supplemental Table 1). 
Prognostic factors for RTW in the multivariable analyses were higher age (HR: 1.48 [95% CI: 
0.88, 2.49]), male gender (HR: 1.22 [95% CI: 1.05, 1.41]), higher educational level (HR: 1.27 
[95% CI: 1.06, 1.53] for middle and HR: 2.10 [95% CI: 1.74, 2.55] for high educational level 
compared to low educational level) and patients with a sport injury (HR: 1.31 [95% CI: 1.06, 
1.63] compared to patients with home and leisure injury) (Table 3). Injury classifications 
with decreased probability on RTW were tibia, complex foot or femur fracture (HR: 0.70 
[95% CI: 0.56, 0.88]) and stable vertebral fracture/disc injury (HR: 0.66 [95% CI: 0.50, 0.87]). 
Besides, higher ISS and longer LOS showed a decreased probability on RTW. C-statistic of 
the multivariable Cox-regression model was 0.700 (95% CI: 0.682, 0.718).
FIGURE 1ab. Medical and productivity costs (€) for the most common injury classifications 
ordered from high to low costs.
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TABLE 3. The relative difference with multivariable generalized linear models for medical costs 
and productivity costs and multivariable cox proportional hazards model for RTW in the first two 
years after trauma.
Generalized linear models Cox proportional hazards model
Medical costs
N=3109d
Productivity costs
N=939e,f
RTW
N=1015e,g
Exp(E) (95% CI) Exp(E) (95% CI) Hazard Ratio (95% CI)
Age (years)
18-44
45-64
65-74b
 ≥75
Ref
1.16 (1.00, 1.34)
1.25 (1.05, 1.48)
1.77 (1.48, 2.12)
Ref
0.96 (0.86, 1.07)
0.62 (0.45, 0.87)
NA
Ref
1.08 (0.92, 1.26)
1.48 (0.88, 2.49)
NA
Female gender 1.13 (1.03, 1.25) 0.68 (0.62, 0.76) 0.82 (0.71, 0.95)
Educational level
Lowa
Middle
High
Ref
0.92 (0.82, 1.03)
1.07 (0.94, 1.21)
Ref
0.93 (0.82, 1.05)
0.71 (0.62, 0.80)
Ref
1.27 (1.06, 1.53)
2.10 (1.74, 2.55)
Injury classifications
Pelvic injury 2.01 (1.66, 2.44) 1.18 (0.95, 1.46) 0.84 (0.61, 1.15)
Hip fracture 1.19 (0.99, 1.44) 1.02 (0.82, 1.27) 0.87 (0.63, 1.20)
Tibia, complex foot or femur fracture 1.58 (1.34, 1.86) 1.14 (0.98, 1.33) 0.70 (0.56, 0.88)
Shoulder and upper arm injury 1.12 (0.95, 1.32) 1.00 (0.86, 1.17) 0.98 (0.78, 1.23)
Radius. ulna or hand fracture 1.00 (0.83, 1.21) 1.14 (0.96, 1.36) 0.80 (0.62, 1.02)
Head injury with AIS ≤ 2 0.86 (0.76, 0.97) 0.87 (0.77, 0.98) 1.04 (0.88, 1.23)
Head injury with AIS ≥ 3 1.58 (1.18, 2.12) 1.06 (0.78, 1.46) 0.87 (0.55, 1.39)
Facial injury 1.12 (0.91, 1.38) 0.92 (0.75, 1.11) 0.92 (0.70, 1.22)
Thoracic injury 1.07 (0.83, 1.38) 0.93 (0.74, 1.17) 1.09 (0.78, 1.53)
Rib fracture 1.02 (0.86, 1.21) 0.99 (0.84, 1.17) 1.20 (0.94, 1.51)
Abdominal injury AIS ≤ 2 0.93 (0.66, 1.32) 0.79 (0.59, 1.04) 1.62 (1.08, 2.42)
Abdominal injury AIS ≥ 3 1.81 (1.06, 3.09) 0.85 (0.58, 1.25) 1.54 (0.86, 2.78)
Spinal cord injury 2.62 (1.34, 5.11) 1.28 (0.68, 2.40) 0.66 (0.28, 1.59)
Stable vertebral fracture or disc 
injury
1.29 (1.06, 1.57) 1.39 (1.15, 1.67) 0.66 (0.50, 0.87)
ISS
1-3
4-8
9-15
 >15
Ref
1.11 (0.96, 1.29)
1.50 (1.25, 1.80)
1.89 (1.37, 2.60)
Ref
1.36 (1.17, 1.57)
1.40 (1.15, 1.70)
1.27 (0.91, 1.77)
Ref
0.72 (0.59, 0.89)
0.62 (0.47, 0.82)
0.67 (0.42, 1.07)
Length of stay at hospital (days)
1-2
3-7
8-14
 >14
NAc
Ref
1.25 (1.10, 1.43)
1.50 (1.24, 1.81)
1.54 (1.15, 2.08)
Ref
0.74 (0.61, 0.89)
0.53 (0.40, 0.70)
0.41 (0.26, 0.65)
External cause
 Home and leisurea
 Traffic
 Occupational
 Sport
 Self-harm
 Violence
 Other
Ref
0.97 (0.87, 1.09)
1.08 (0.86, 1.36)
0.68 (0.56, 0.83)
0.96 (0.40, 2.32)
1.08 (0.69, 1.69)
0.95 (0.58, 1.56)
Ref
0.97 (0.86, 1.09)
1.30 (1.08, 1.57)
0.91 (0.78, 1.06)
0.66 (0.31, 1.40)
0.95 (0.65, 1.40)
0.88 (0.53, 1.45)
Ref
1.03 (0.87, 1.23)
0.79 (0.60, 1.04)
1.31 (1.06, 1.63)
0.89 (0.27, 2.89)
1.22 (0.69, 2.14)
1.41 (0.69, 2.86)
ICU admission NAc 1.27 (1.02, 1.58) 0.82 (0.59, 1.14)
Generalized linear models Cox proportional hazards model
Medical costs
N=3109d
Productivity costs
N=939e,f
RTW
N=1015e,g
Exp(E) (95% CI) Exp(E) (95% CI) Hazard Ratio (95% CI)
Number of comorbidities
0a
1
≥2
Ref
1.11 (0.98, 1.24)
1.35 (1.18, 1.54)
Ref
0.97 (0.86, 1.09)
1.01 (0.86, 1.20)
Ref
1.05 (0.88, 1.25)
0.92 (0.71, 1.18)
Frail 1.06 (0.91, 1.24) NAc NAc
Pre-injury health status 0.63 (0.49, 0.82) 0.90 (0.58, 1.40) 1.69 (0.86, 3.31)
Intercept 5102.99 (3761.04, 
6923.74)
8370.42 (5342.99, 
13113.25)
NA
McFadden R2 31.5% 19.8% NA
C-statistic (95% CI) NA NA 0.700 (0.682. 0.718)
aReference category of categorical variable. bCategory changed to 65-67 for productivity loss costs 
and RTW. cvariables were not considered as predictors. dmissing values: 23 Number of comorbidities, 
389 Pre-injury health status, 264 medical costs. eworking population N=1236. fmissing values: 3 Nr 
of comorbidities, 90 Pre-injury health status, 204 missing productivity loss costs. fmissing values: 18 
status RTW, 113 time to event, 87 Pre-injury health status, 3 Number of comorbidities.
Abbreviations: AIS, Abbreviated Injury Scale; CI, Confidence Interval; ISS, Injury Severity Score; NA, Not Applicable.
FIGURE 2. Cumulative probability of RTW after trauma in the working age study population 
during 24 months of follow-up (n=1105).
TABLE 3. Continued.
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DISCUSSION
This study explored prognostic factors of medical costs, productivity costs and RTW after 
trauma during 24 months of follow-up. A stable vertebral fracture or disc injury and higher 
ISS were independently associated with higher medical costs, higher productivity costs 
and longer period of absenteeism at work. Although female gender and higher age were 
prognostic factors for higher medical costs, they were also both associated with lower 
productivity costs after adjustment for confounding. A total of 5% of the patients with paid 
employment did not return to work at 12 months after injury. Important prognostic factors 
for RTW were higher educational level, higher age, low ISS and low LOS.
Costs
In line with previous studies, higher age and female sex were associated with higher medical 
costs10,37. No clear trend was found between mean total costs per respondent and age, 
probably due to a different pattern in productivity costs among age categories. Other 
variables such as high ISS, specific body regions (abdomen, spine and brain injury) and LOS 
were also identified as prognostic factors for medical costs in a review38.
Female sex is a prognostic factor for higher medical costs, but is also associated with lower 
productivity costs. The lower productivity costs might be explained by the fact that women 
more often work part-time compared to men in the Netherlands39.
A Dutch study on the economic burden of injury reported the highest health care costs 
for hip fracture patients (€20,000 per patient)10. Although our study showed that hip 
fractures were in the top 5 of high medical costs (€14,230 per patient), several other injury 
classifications were considerably more expensive. However, the prevalence of hip fractures 
in the injury cohort is high, so this could have more impact on health care consumption 
and costs compared to the relatively low prevalence of more costly injuries (e.g. spinal cord 
injury or abdominal injury with AIS≥3).
RTW
A previous study on RTW in major trauma patients also found comorbidities, pre-injury 
disability, and presence of spinal cord injury as prognostic factors for no RTW40. They also 
stated that older age was a prognostic factor for no RTW, in contrast to our results. This 
could be explained by different study population (major trauma vs all trauma).
Previous research found an association between unemployment and poor recovery41,42. 
This association is probably interchangeable; patients who experience for example pain or 
distress after trauma are more likely for no RTW and patients who are back at work soon 
after their injury, have a better recovery43. These factors can be influenced by tailored 
interventions. Future research should focus on these specific modifiable physical complaints 
and psychological distress after trauma and the medical costs and RTW. Interventions can 
help with the recovery, which could result in lower medical costs and sooner RTW.
Our study showed that the probability of RTW decreased over time, but did not stabilize up 
to 24 months after injury. In contrast with RTW rates in moderate to severe TBI patients44, 
in which RTW rates remained stable between 1 and 10 years after injury, RTW rates could 
still increase with time in our study population. A longer follow-up is necessary to conclude 
which patients remain unemployed.
Strengths and limitations
A strength of this study is the large study population with six follow-up measurement, 
including short-term (1 week) and long-term (two years). This study design allows to calculate 
costs and RTW in detail and could give an overview of costs and RTW in the total clinical 
trauma population. Furthermore, to our knowledge, this was the first attempt to develop 
prediction models for the total trauma population for both medical as productivity costs 
and also RTW. Productivity costs were based on the friction cost method. This method does 
not discriminate between patients who are 90 days absent at work or 2 years absent at 
work. Although there are no extra productivity costs, it does affect society and the patient. 
Therefore, a strength of this study is the addition of RTW (in days) up to 2 years after injury 
as outcome.
An important limitation in this study is that educational level is not taken into account for 
the calculation of productivity costs. Although different average wages were used for males 
and females, no distinction was made between average wages of the different educational 
levels. The analyses showed that high educational level was a prognostic factor for RTW, 
indicating that patients with high educational level were sooner back at work after trauma 
compared to patients with low educational level. However, because the wages per hour 
were similar to patients with low educational level, the significant result of high educational 
level as prognostic factor for lower productivity costs probably only indicates this shorter 
period of absenteeism at work instead of actually lower productivity costs. Future studies 
should assess this with average wages that are corrected for educational level.
Another limitation of this study is the use of self-reported questionnaires which are prone to 
recall-bias. Patients were asked about care consumption and RTW over the period between 
the previous questionnaire and the current questionnaire. This period increased from 1 
week for the first questionnaire to 12 months for the last follow-up questionnaire.
Next, the primary aim of the BIOS-study is to determine physical and psychological outcome 
after injury. This means that only survivors of an injury were included in the BIOS-study. 
Patients who did not survive until one week after trauma were excluded and costs were not 
calculated (n=219, 2% of the BIOS-study population).
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Last, patients who were fully recovered were probably more likely to be lost to follow-up and 
differences between responder and non-responders indicate that more severely injured 
patients participated. This non-response bias could result in an overestimation of both 
medical and productivity costs.
Implications
The findings of this study showed high medical costs, high productivity costs and long 
absenteeism from work. An intervention to help patients to earlier return to work after 
sustaining a trauma could reduce productivity costs and decrease the period of absenteeism 
at work. Considering the differences in prognostic factors for medical costs and productivity 
costs, it is important that medical costs and productivity costs are both taken into account 
and analysed separately. The identified prognostic factors in this study were all easy to 
detect patient and injury characteristics. This enables health practitioners and policy 
makers to inform patients and induce prevention interventions to reduce medical costs 
and productivity costs.
Conclusion
Although many prognostic factors resulted in both higher medical costs as higher 
productivity costs, some factors showed differential effects. Productivity costs and RTW 
should be considered when assessing the economic impact of injury in addition to medical 
costs. Prognostic factors may assist in identifying high cost groups with potentially modifiable 
factors for targeted preventive interventions, hence reducing costs and increase RTW rates.
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SUPPLEMENTAL TABLE 1
 The relative difference with univariable generalized linear models for medical costs and productivity 
costs and univariable cox proportional hazards model for RTW in the first two years after trauma.
Generalized linear models Cox proportional hazards model
Medical costs
N=3521d
Productivity costs
N=1236e,f
RTW
N=1236e,g
Exp(E) (95% CI) Exp(E) (95% CI) Hazard Ratio (95% CI)
Age (years)
18-44
45-64
65-74b
 ≥75
Ref
1.19 (1.01-1.39)
1.45 (1.22, 1.73)
2.34 (2.00, 2.74)
Ref
1.07 (0.97, 1.19)
0.60, 1.13)
NA
Ref
0.93 (0.82, 1.07)
0.92 (0.57, 1.49)
NA
Female gender 1.40 (1.26, 1.55) 0.62 (0.57, 0.68) 0.91 (0.80, 1.05)
Educational level
Lowa
Middle
High
Ref
0.73 (0.64, 0.83)
0.78 (0.67, 0.90)
Ref
0.91 (0.81, 1.02)
0.65 (0.58, 0.74)
Ref
1.28 (1.09, 1.51)
2.05 (1.73, 2.42)
Injury classificationsf
Pelvic injury 2.08 (1.70, 2.54) 1.51 (1.24, 1.84) 0.57 (0.43, 0.76)
Hip fracture 2.31 (2.02, 2.64) 1.20 (1.01, 1.44) 0.65 (0.51, 0.83)
Tibia, complex foot or 
femur fracture
1.60 (1.36, 1.89) 1.39 (1.21, 1.60) 0.56 (0.46, 0.68)
Shoulder and upper arm 
injury
1.25 (1.05, 1.49) 1.08 (0.93, 1.26) 0.84 (0.68, 1.04)
Radius, ulna or hand 
fracture
1.01 (0.83, 1.24) 1.19 (1.00, 1.40) 0.85 (0.67, 1.07)
Head injury AIS ≤ 2 0.82 (0.72, 0.93) 0.79 (0.71, 0.89) 1.14 (0.98, 1.33)
Head injury AIS ≥ 3 2.09 (1.61, 2.70) 1.61 (1.25, 2.08) 0.45 (0.31, 0.67)
Facial injury 1.14 (0.91, 1.42) 0.99 (0.82, 1.19) 0.91 (0.70, 1.17)
Thoracic injury 1.10 (0.83, 1.44) 1.20 (0.97, 1.49) 0.91 (0.67, 1.22)
Rib fracture 1.09 (0.91, 1.30) 1.11 (0.95, 1.30) 1.03 (0.83, 1.29)
Abdominal injury AIS ≤ 2 0.92 (0.64, 1.32) 0.75 (0.57, 0.98) 1.43 (0.98, 2.09)
Abdominal injury AIS ≥ 3 1.56 (0.87, 2.80) 1.08 (0.74, 1.57) 1.02 (0.60, 1.74)
Spinal cord injury 3.85 (1.92, 7.73) 1.51 (0.85, 2.68) 0.46 (0.20, 1.04)
Stable vertebral fracture or 
disc injury
1.30 (1.06, 1.59) 1.44 (1.22, 1.71) 0.63 (0.49, 0.80)
ISS
1-3
4-8
9-15
 >15
Ref
1.53 (1.33, 1.75)
2.46 (2.15, 2.81)
3.64 (2.85, 4.66)
Ref
1.72 (1.53, 1.94)
1.89 (1.66, 2.16)
2.40 (1.95, 2.95)
Ref
0.54 (0.46, 0.63)
0.45 (0.37, 0.54)
0.33 (0.25, 0.45)
Generalized linear models Cox proportional hazards model
Medical costs
N=3521d
Productivity costs
N=1236e,f
RTW
N=1236e,g
Exp(E) (95% CI) Exp(E) (95% CI) Hazard Ratio (95% CI)
Length of stay at hospital 
(days)
1-2
3-7
8-14
 >14
NAc
Ref
1.44 (1.29, 1.60)
1.98 (1.69, 2.31)
2.22 (1.72, 2.85)
Ref
0.60 (0.51, 0.69)
0.41 (0.33, 0.51)
0.27 (0.18, 0.39)
External cause
 Home and leisurea
 Traffic
 Occupational
 Sport
 Self-harm
 Violence
 Other
Ref
0.72 (0.64, 0.81)
0.69 (0.54, 0.89)
0.40 (0.26, 1.87)
0.69 (0.26, 1.87)
0.63 (0.39, 1.04)
0.70 (0.39, 1.26)
Ref
0.93 (0.83, 1.03)
1.66 (1.40, 1.97)
0.95 (0.83, 1.10)
0.87 (0.42, 1.82)
0.89 (0.62, 1.27)
0.75 (0.45, 1.24)
Ref
1.09 (0.94, 1.27)
0.74 (0.58, 0.94)
1.43 (1.18, 1.73)
0.73 (0.24, 2.26)
1.39 (0.83, 2.33)
1.41 (0.72, 2.76)
ICU admission NAc 1.58 (1.34, 1.87) 0.61 (0.48, 0.77)
Number of comorbidities
0a
1
≥2
Ref
1.46 (1.29, 1.65)
2.02 (1.79, 2.28)
Ref
1.03 (0.92, 1.16)
1.08 (0.92, 1.26)
Ref
0.94 (0.80, 1.10)
0.84 (0.67, 1.04)
Frail 1.67 (1.46, 1.92) NAc NAc
Pre-injury health status 0.32 (0.25, 0.40) 1.09 (0.71, 1.68) 1.85 (0.99, 3.46)
aReference category of categorical variable, bCategory changed to 65-67 for productivity loss 
costs and RTW, cvariables were not considered as predictors. dmissing values: 23 Number of 
comorbidities, 389 Pre-injury health status, 264 medical costs. eworking population N=1236. 
fmissing values: 3 Nr of comorbidities, 90 Pre-injury health status, 204 missing productivity loss 
costs. fmissing values: 18 status RTW, 113 time to event, 87 Pre-injury health status, 3 Number of 
comorbidities.
Abbreviations: AIS, Abbreviated Injury Scale; CI, Confidence Interval; ISS, Injury Severity Score; NA, Not 
Applicable. 10
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SUPPLEMENTAL FIGURE 1
SUPPLEMENTAL FIGURE 1. Flow diagram of study participation; the total number of unique 
patients that responded to the questionnaire on health care use and RTW was 3785. 10
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The main aim of this thesis was to evaluate, develop and validate models for predicting 
fatal and non-fatal outcome after trauma in the Netherlands. This chapter will describe the 
main findings of this thesis and addresses methodological considerations. Furthermore, 
implications and recommendations for future research and policy are discussed.
Main findings
Part I - Prediction of fatal outcome after trauma
The first part of this thesis studies prediction models for mortality, the traditional outcome 
for the evaluation of trauma care and addresses the first research question:
I.    How can we improve and utilize prediction models for fatal outcome after trauma?
A total of 258 different models were found in the literature to predict mortality in the general 
trauma population of which the TRISS model is the most commonly used model (Chapter 
2). Several methodological limitations were found in the development and validation 
of these models: (I) not all models were developed using an adequate sample size with 
sufficient events per predictor variable, (II) cases with missing values were often excluded, 
(III) variables were often dichotomized or categorized to be included in the models and (IV) 
not all variables in the models were readily available from the trauma registry.
Registry data often contain missing values. Multiple imputation could be a valid method to 
deal with these missing data (Chapter 3). Differences in imputation models did influence 
outcome evaluation. The inclusion of supplementary variables in the imputation models 
had no additional value.
Outcome comparisons with the TRISS model should be interpreted with care (Chapter 4). 
Performance of the TRISS model was adequate in the total clinical Dutch trauma population 
but was poor to moderate in the older patients. This could simply be improved by adding a 
comorbidity measure to the model and by using the age variable as a continuous predictor 
(Chapter 5). A new model was presented, which enables the inclusion of elderly patients 
with an isolated hip fracture in the evaluation of quality of trauma care.
Part II - prediction of non-fatal outcome after trauma
The second part of this thesis describes innovative models to predict non-fatal outcomes 
and addresses the second research question:
II.     To what extent can we predict non-fatal outcome after trauma?
The functional capacity index should be considered as a possible predictor for non-fatal 
outcome as it predicts a small proportion of the variability for health status 12 months after 
injury (Chapter 6). However, a FCI score that incorporated multiple injuries did not increase 
the prognostic ability.
Health status was especially low during the first six months after injury (Chapter 7-8). The 
most important predictors were pre-injury health status and frailty, reflecting that baseline 
condition of the patient is essential to consider when predicting health status after injury. 
Additional factors influencing health status included age, sex, educational level, severe head 
or face injury, severe torso injury, ISS, ASA grade and duration of hospital stay. The EuroQol 
Visual Analogue Scale (EQ-VAS) and the Health Utility Index Mark 3 (HUI 3) were considered 
the best outcome measures (compared with the EQ-5 dimensions utility score and the HUI 
2), with an explained variance for the models of 35% and 48% respectively. The dimensions 
mobility, pain/discomfort and usual activities improved up to 2 years after injury.
Psychological distress after injury is a common health problem. The prevalence of 
psychological distress ranged from 23% to 14% at one week and 12 months after injury 
respectively (Chapter 9). Prognostic factors for poor psychological outcome were pre-injury 
frailty, psychological complaints and non-working status prior to injury, female gender and 
low educational level.
Although most prognostic factors resulted in both higher medical costs as higher 
productivity costs, some factors showed differential effects (e.g. gender and age) (Chapter 
10). Productivity costs and RTW should be considered when assessing the economic impact 
of injury in addition to medical costs. Prognostic factors may assist in identifying high cost 
groups with potentially modifiable factors for targeted preventive interventions, hence 
reducing costs and increase RTW rates.
Methodological considerations
Results from this thesis are conducted in two different types of cohorts. Results in 
chapter 2-5 were based on a retrospective cohort, while results in chapter 6-9 were 
from a multicenter prospective cohort. Both cohorts have methodological strengths and 
weaknesses to address our research questions (Table 1).
Generalizability
This thesis provided studies in which all clinical trauma patients from the region Noord-
Brabant were included. This region is considered representative for the total Dutch clinical 
trauma population, as it combines rural and urban areas. Noord-Brabant has 12 emergency 
departments, including one level I trauma center1. Furthermore, Noord-Brabant has 2.5 
million inhabitants, representing 14.7% of the total Dutch population.
Although the retrospective studies in this thesis were generalizable to the Dutch clinical 
trauma population, it could be questioned whether this is also true for international 
comparisons. Previous research showed large differences between the pre-hospital care 
of the Netherlands and Germany2. The mode of transport to the trauma centers differed 
greatly. Possibly due to the high hospital density and thus short distances, most patients 
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in the Netherlands were transported with the ambulance, whereas patients in Germany 
were often transported with the helicopter. Long distance travel to reach the emergency 
department could result in lower in-hospital mortality, because patients did not survive long 
enough to reach the hospital3,4. In addition, it has been shown previously that mechanism 
of injury, race and health insurance status are strong predictors for outcome disparities 
after trauma in the United States5-7. Patients with blunt injury, who have insurance and 
who are white (in comparison with Blacks, Hispanics and Asians) are less likely to die 
after sustaining an injury. Insurance status does not play an important role in predicting 
outcome after injury in the Dutch trauma population, because the vast majority (99.9%) 
of the Dutch population is insured8. Race is another factor that does not play a major role 
in outcome prediction in the Netherlands. Differences in outcome for race can probably 
partly be explained by educational level or social economic status. However, the traditional 
outcome measurement prediction models does not include race or insurance status, and 
could therefore not influence prediction outcomes. In contrast, blunt and penetrating 
injury is included as predictor in the models. In 2017 was 10.2% of the nonelderly (≤64 
years) population uninsured in the United States9. Furthermore, penetrating injury in the 
Netherlands accounts for 2.9% of the injuries, whereas in other countries penetrating injury 
could be responsible for 20-60% of all injuries1,10,11.
In the prospective Brabant Injury Outcome Surveillance (BIOS) study we found differences 
in patient characteristics for responders and non-responders. Responders were on 
average younger, more often healthy and more likely to be severely injured, with a longer 
length of stay at the hospital. The short-term questionnaire (1 week) was completed by 
younger patients who were more healthy but with minor injuries. This possibly resulted in 
an underestimation of the short-term problems after injury. Furthermore, it is likely that 
selective drop-out occurred; patients who were fully recovered did not respond to the 
follow-up questionnaire. This could have resulted in an overestimation of problems at long-
term follow-up.
These differences suggest that the developed prediction models could not be generalizable 
to other trauma populations, in which the previous described factors play an important role 
in outcome prediction. However, the models could be generalizable to other developed 
countries, with high density hospitals, mostly insured patients and with a low prevalence 
of penetrating injury.
TABLE 1. Methodological considerations concerning the results from this thesis
Methodological considerations Retrospective(chapter 2-5)
Prospective
(Chapter 
6-10)
Generalizability International differences between pre-
hospital care X X
Outcome disparities due to race, 
mechanism of injury or health insurance 
status
X X
Non-response bias X
Outcome 
measurement
Unstandardized outcome X X
Recall bias X
Proxy completion of questionnaires X
Collection of data is labour-intensive and 
expensive X X
Outcome measurement: when, what and how?
Although mortality is considered a hard end point, the specific definition of mortality is 
important. Mortality rates are most often calculated with in-hospital mortality numbers. 
Early discharge of could result in lower in-hospital mortality rates12,13. Previous research 
suggest to use a standardized follow-up period of mortality, for example 30-day mortality, 
even though obtaining this information could be challenging because patients are often 
discharged from hospital at that time point13.
In countries with advanced health care, mortality rates after trauma decreased the past 
decades. Approximately 98% of the Dutch trauma patients survives their injury, who often 
suffer physical, psychological and social consequences1. Even though mortality is still an 
important outcome measure for the evaluation and improvement of trauma care, non-fatal 
outcome should also be considered.
A strength of the BIOS-study is the prospective cohort design with multiple short-term and 
long-term follow-up measurements. In addition, all dimensions of recovery after trauma 
were measured; functional outcome, health related quality of life, psychological outcome, 
costs and return to work14.
Pre-injury health status for injured patients is an important baseline measurement. It 
can be used by clinicians to determine whether patients have returned to their pre-injury 
status. However, it is unknown which patients will suffer an injury and thus pre-injury health 
status has to be measured retrospectively. Due to the retrospective collected data, pre-
injury data is prone to recall bias. Alternatively, population norm data for health status 
according to a patients’ age and gender can be used15. However, the trauma population is not 
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representative of the general population, indicating that pre-injury measurement might be 
more appropriate16-18. Retrospectively collected pre-injury scores are often higher compared 
to the norm scores18,19. A possible explanation could be that patients recall a higher pre injury 
status because of the suddenly decrease of their functional capacity. Chapter 7 indicates 
that the predictive ability of retrospectively collected pre-injury is superior to norm data.
Many patients were not able or capable to respond to the questionnaires, due to cognitive 
complaints or the severity of the injury. Those questionnaires were send to a proxy; family 
members or caregivers of the patients could complete these questionnaires. In the BIOS-
study, 8% of the questionnaires was completed by a proxy informant, those patients were 
older and more severely injured compared to the other responders. Although previous 
literature showed that the health status response of proxies was not biased20, not all 
questionnaires could be completed by proxies (i.e. the impact of Event Scale and the Hospital 
Anxiety and Depression Scale). For those outcome measurements, a selective group of 
patients was not able to respond: severely injured patients and elderly, which could have 
resulted in an underestimation of reported problems.
Furthermore the outcomes were based on self-reported questionnaires. Although this 
was the most efficient way to measure all dimensions of recovery for patients, it could 
be questioned whether unmeasured factors affected the psychometric properties of the 
self-reported outcome measurement. Recall bias, the mode of administration (e.g. paper, 
telephone, internet), proxy completion and other life-events could influence the outcome21. 
Furthermore, a trauma is often experienced as a life-event, in which patients are focused 
on processing the injury and their recovery, especially during the short-term follow-up. 
Patients were not keen on completing many questionnaires, resulting in a low response 
rate22. Furthermore, the collection of the self-reported questionnaires (often by post) 
is a labor-intensive process and results in high costs in large study populations23,24. The 
systematic collection of all essential data for outcome predictions and assessments for 
injury prediction should be more efficient.
Last, not only the collection of the questionnaires but also the purchase of the questionnaire 
could be a costly process. Several questionnaires require a high license fee, which is possibly 
not affordable to all registries or hospitals.
Implications for research
In this thesis we addressed newly developed prediction models for both the evaluation of 
trauma care and for medical practice in trauma care. We mention some implications for 
future research concerning data collection, i.e. quality, feasibility, and validity.
Collection of data
First of all, baseline characteristics of the patient are important predictors of trauma 
outcome for both evaluation of trauma care and medical practice in trauma care. This could 
be administered in the trauma registry or in the electronic medical file. Frailty, educational 
level and pre-injury health status are variables that should be collected at hospitalization 
or at discharge in addition to the currently collected variables.
The world’s population is ageing and frailty becomes more important for medical research29. 
Dent et al. (2016)30 conducted a review to determine which measurements could accurately 
identify frailty and which of these measures should be used in the clinical setting. They 
concluded that there is not a perfect frailty measurement in existence today. Morley et al. 
(2013)31 stated that a worldwide frailty measurement should be incorporated as routine care 
for older patients in clinical practice. This measurement should comply with the following 
standards: I) easy and not time-consuming to collect, II) high validity and reliability, III) the 
tool is able to predict outcome.
To assure that the models are applicable to the wide variety of trauma patients, the collection 
of non-fatal consequences should be initiated in the trauma registry. Many standardized 
Patient Reported Outcome Measures (PROMs) are developed over the past decades, but 
few of them are routinely used in medical care25. To avoid labor-intensive work, innovative 
ways of data collection should be used32. Web-based entry has been introduced as a patient 
reported outcome system33. Patients are emailed and directed to a website to complete 
condition-specific or generic well-being questionnaires. Scores are directly available for the 
patients and for the medical professionals. A more recent development for the collection 
of patient reported outcomes is the Patient-Reported Outcome Measurement Information 
System (PROMIS)34. The System provides multiple types of measures; e.g. fixed set of 
questions for one domain or multiple domains, and Computer Adaptive Tests (CATs). CATs 
collects dynamically selected items from an item bank based on the patient’s previous 
answer35. With a minimal selection of items, it is possible to provide an accurate estimation 
with a small standard error of measurement of the patients’ outcome.
External validation
Last, the developed models in this thesis should be validated externally to support 
general applicability36. The predictive ability (performance measures such as calibration, 
discrimination and goodness-of-fit) of the models should be accurate in a population that 
differs from the patients in the Brabant Trauma Registry or BIOS-study37. Potential methods 
for external validation could be temporal (validation in more recent patients), geographical 
(validation in patients from different centres) or fully independent validation.
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Implications for health care and policy
The studies presented in this thesis have also implications for health care and policy. The 
newly developed prediction models for the evaluation of trauma care can elaborate on more 
innovative outcomes and can improve predictions. The models for outcome prediction for 
medical practice can help with decision making, communication and prevention.
Evaluation of trauma care
Although trauma care in the Netherlands is considered to be of high quality, there is always 
room for improvement. The mortality rates decline and trauma care outcome should be 
extended with long-term outcome and non-fatal consequences. According to Gruen et al. 
(2012)26 the burden of traumatic injury is multidimensional. A list of all deficits framework 
(LOAD) has been presented, which describes twenty consequences after injury; 12 individual 
consequences, 3 consequences related to family and close friends and 5 consequences 
relating to the wider society27. Mortality remains an important outcome measure, but should 
be combined with long-term and non-fatal outcome measures to adequately assess the 
quality of trauma care26,28.
Currently, the evaluation of quality of trauma care is assessed graphically with funnel plots. 
Standardized mortality ratios (SMR) are calculated for each emergency department. The 
SMR (dots) shows the ratio between observed and expected mortality. The SMR shows how 
an emergency department performs in their population compared to how it is expected 
according to the prediction model. The SMR is equal to 1 if the observed outcome is identical 
to the expected outcome. The line indicate the 95% Confidence Interval (CI) and the dotted 
line is the 99.9% CI. If the SMR is between the 95% CI lines, observed and expected mortality 
is not significant different and could be explained by coincidence. If the SMR is outside the 
95% CI range but within the 99.9% CI, there is significant difference between observed and 
expected mortality with a 5% chance the difference could be explained by coincidence. If the 
SMR is outside the 99.9% CI range, there is only 0.1% chance that the significant difference 
between observed and expected mortality could be explained by coincidence.
A high SMR indicates more observed mortality than is expected with the prediction 
model, and thus a poor performance of the hospital. Emergency departments with a poor 
performance are subject of further research and evaluation of the quality of trauma care.
A low SMR, below the 95% CI showed good performance, compared to the expected 
mortality with the model.
The newly developed survival prediction model (chapter 5) can be used to calculate the 
SMR’s for each emergency department and are shown in figure 1.
FIGURE 1. Funnel plots; SMR for in-hospital mortality for different emergency departments.
Small hospitals with few patients that mainly treat minor injury have low mortality rates. 
Mortality as outcome can be useful for complex trauma subsets in which mortality rates are 
high, such as severe injury, elderly trauma patients or patients with traumatic brain injury. 
A possibility is that the evaluation of quality of trauma care by using mortality as outcome 
should be limited to level I trauma centers.
The results of this thesis suggest that predictors of fatal and non-fatal outcome are not 
identical, indicating that an integrated model could not be used. However, funnel plots of 
both fatal outcome and non-fatal outcome could be created to give additional information. 
By using the models that are developed in chapter 7, funnel plots can be created for non-
fatal outcome (figure 2). The interpretation of the funnel plots for health status is identical 
to the funnel plots in figure 1.
Medical practice in trauma care
This thesis described prognostic factors for poor recovery after injury, or high medical or 
productivity costs. The studies can create awareness among health care professionals, 
patients and policy makers about possible consequences after injury, to help with 
communication, education and prevention.
Chapter 9 provides prevalence’s and prognostic factors for psychological distress during 
the first year after injury. Patients often suffer from psychological consequences. The 
assessment of prognostic variables is a first attempt to predict these psychological problems 
after injury and could create awareness and, hopefully, an extension of focus in recovery 
after injury. It could enable health care professionals to discuss potential psychological 
problems with patients and refer patients to receive adequate care.
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Furthermore, not only injury-related variables should be considered when assessing a 
patients recovery. This thesis showed that specific patients characteristics play an important 
role in the recovery of a patient (e.g. frailty, pre-injury health status, educational level).
FIGURE 2. Funnel plots; SMR for health status after trauma for different emergency depart-
ments.
Overall conclusions
The trauma registry is an important tool for evaluating and benchmarking of the quality of 
trauma care. The ageing population and outdated TRISS model ensures biased benchmark 
numbers. Models with better adjustment for the Dutch case-mix are developed and should 
be used when evaluating the quality of trauma care in the Netherlands.
Mortality will remain an important outcome measure to assess and evaluate the quality 
of trauma care. However, the focus on trauma outcome has to be extended with non-fatal 
consequences. For evaluation of non-fatal consequences it is essential to measure baseline 
conditions of the patients. The findings of this thesis could enable researchers to further 
improve the prediction of non-fatal outcomes after trauma. The prediction models could 
enable health care professionals to discuss potential psychological or physical problems 
with patients and refer patients to receive adequate care.
Recommendations
This thesis enables to formulate specific recommendations for researchers, policy makers 
and health care professionals who are working in the trauma field. The recommendations 
are specified in six categories: methodological, case-mix, outcome measurement, electronic 
medical file, funding, , and other (Table 2).
TABLE 2. Recommendations for researchers, policy makers and health care professions who are 
working in the trauma field.
Recommendations Researchers Policy makers
Health care 
professionals
M
et
ho
do
lo
gi
ca
l
Use an adequate sample size with 
sufficient events per predictor variable 
for the development of a prediction 
model
X
Consider multiple imputation to deal 
with missing variables in registry 
dataset and maximize efficiency
X
Include continuous variables, if 
possible, in the prediction models to 
increase predictive ability
X
Externally validate the prediction 
models for non-fatal outcome in this 
thesis to assess predictive ability in a 
population that differs from the current 
study population
X
Ca
se
-m
ix
Include baseline characteristics of the 
patients in the cohort studies for better 
outcome prediction after trauma (e.g. 
health before injury)
X
use prediction models with adequate 
adjustment for differences in case-mix 
for a fair evaluation of quality of trauma 
care
X X
Pay attention to high-risk groups for 
poor recovery X
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Recommendations Researchers Policy makers
Health care 
professionals
O
ut
co
m
e 
m
ea
su
re
m
en
t Use the Euroqol Visual Analogue Scale 
and/or Health Utility Index Mark 3 as 
outcomes for health status in a large 
heterogeneous trauma population
X X
collect standardized variables that 
are widely used around the world to 
enable (inter)national comparisons and 
usability of the models
X X
Include non-fatal outcome in the 
evaluation of quality of trauma care X
El
ec
tr
o
n
ic
 m
ed
ic
al
 fi
le
Use variables that are readily available 
from the trauma registry, to avoid 
labor-intensive work
X
Implement questionnaires in the 
electronic medical file, enabling health 
care professionals and patients to use 
them
X
Register all important information 
about patient and injury correctly in 
the electronic medical files (trauma-
template)
X
Implement and use prediction models 
to discuss potential psychological or 
physical problems with patients and 
refer high-risk patients to receive 
adequate care
X X
Fu
nd
in
g
Provide funding for future research on 
recovery after injury or evaluation of 
trauma care to enable patient-centered 
care and increase the quality of trauma 
care.
X
Provide funding to accomplish the 
registration of additional patient 
characteristics and non-fatal outcome 
measures in hospitals
X
O
th
er
Be aware of possible psychological 
consequences after injury X
Implement and make use of 
multidisciplinary consultations X X
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Introduction
Trauma, defined as a physical injury, is a global public health problem and is a leading cause 
of death among young adults. Patient and injury characteristics can be combined in one 
model to predict outcome after trauma. These prediction models can be valuable for medical 
research purposes and for medical practice, e.g. for health care providers, health insurers, 
researchers and policymakers. The models can compare outcomes to support evaluation of 
quality of care between populations, hospitals, regions or countries and are often applied 
on population-based data. Besides, prediction models can target the individual patient who 
is in need for intervention. It can help with decision-making and could give information that 
can be useful for communication among physicians and patients.
As part of the inclusive trauma care system, the Dutch Trauma Registry (DTR) was introduced 
in 2007 to measure and improve the quality of trauma care in the Netherlands. The DTR 
collects characteristics of the patient and the injury, admission related variables and outcome 
of all patients who are admitted to a hospital within 48 hours after trauma. Patients who 
were dead on arrival at the hospital were not registered in the DTR. In 2017, approximately 
79.000 patients were hospitalized and registered in the DTR due to trauma. The mortality 
rate in the Netherlands is 2%, indicating that 98% of the trauma population survives.
The main aim of this thesis is to evaluate, develop and validate models for predicting 
fatal and non-fatal outcome after trauma in the Netherlands. The aim of this thesis was 
operationalized according to the following objectives, divided in two parts:
I. How can we improve and utilize prediction models for fatal outcome after trauma?
a. Which outcome prediction models are available for the evaluation of trauma care?
b. Are predictions from the Trauma and Injury Severity Score (TRISS) model valid for 
the evaluation of quality of trauma care in the clinical Dutch trauma population?
c. How could predictions from the TRISS model be improved for the evaluation of 
quality of trauma care?
II. To what extent can we predict non-fatal outcome after trauma?
a.     What are prognostic factors for health status after trauma?
b.     What are prognostic factors for psychological distress after trauma?
c.     What are prognostic factors for medical costs and return to work after trauma?
Part I: Prediction of fatal outcome after trauma
A total of 258 different models were found in the literature to predict mortality in the general 
trauma population of which the TRISS model is the most commonly used model. Several 
methodological limitations were found in the development and validation of these models: 
(I) not all models were developed using an adequate sample size with sufficient events per 
predictor variable, (II) cases with missing values were often excluded, (III) variables were 
often dichotomized or categorized to be included in the models and (IV) not all variables 
in the models were readily available from the trauma registry. Registry data often contain 
missing values. Multiple imputation could be a valid method to deal with these missing 
data. Differences in imputation models did influence outcome evaluation. The inclusion of 
supplementary variables in the imputation models had no additional value. Performance of 
the TRISS model was adequate in the total clinical Dutch trauma population but was poor 
to moderate in the older patients. This could simply be improved by adding a comorbidity 
measure to the model and by using the age variable as a continuous predictor. A new model 
was presented, which enables the inclusion of elderly patients with an isolated hip fracture 
in the evaluation of quality of trauma care.
Part II: Prediction of non-fatal outcome after trauma
The functional capacity index (FCI) should be considered as a possible predictor for non-
fatal outcome as it predicts a small proportion of the variability for health status 12 months 
after injury. However, a FCI score that incorporated multiple injuries did not increase the 
prognostic ability. Additional factors influencing health status included pre-injury health 
status, frailty, age, sex, educational level, severe head or face injury, severe torso injury, Injury 
Severity Score, ASA grade and duration of hospital stay. The most important predictors 
were pre-injury health status and frailty, reflecting that baseline condition of the patient is 
essential to consider when predicting health status after injury. The EuroQol Visual Analogue 
Scale (EQ-VAS) and the Health Utility Index Mark 3 (HUI 3) were considered the best outcome 
measures (compared with the EQ-5 dimensions utility score and the HUI 2). Psychological 
distress after injury is a common health problem. The prevalence of psychological distress 
ranged from 23% to 14% at one week and 12 months after injury respectively. Prognostic 
factors for poor psychological outcome were pre-injury frailty, psychological complaints and 
non-working status prior to injury, female gender and low educational level.
Although most prognostic factors resulted in both higher medical costs as higher productivity 
costs, some factors showed differential effects (e.g. gender and age). Productivity costs and 
return to work should be considered when assessing the economic impact of injury in 
addition to medical costs. Prognostic factors may assist in identifying high cost groups with 
potentially modifiable factors for targeted preventive interventions, hence reducing costs 
and increase return to work rates.
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Discussion
The main aim of this thesis was to evaluate, develop and validate fatal and non-fatal outcome 
prediction models in the trauma population. A new survival prediction model was developed 
and validated, which enables the inclusion of elderly patients with an isolated hip fracture 
in the evaluation of quality of trauma care. Mortality will remain an important outcome 
measure to assess and evaluate the quality of trauma care. Many patients suffer physical 
and psychological problems after trauma. This project developed a model to predict health 
status after trauma for the evaluation of quality of trauma care. Baseline conditions (before 
injury) are essential to consider in predicting non-fatal outcome. The prediction models can 
be based on simple clinical characteristics that may also motivate specific interventions in 
future studies and could help with communication between health professional and patient.
Several methodological considerations were discussed. First, although the study population 
was generalizable to the Dutch clinical trauma population, it could be questioned whether 
this is also true for international comparisons. Second, standardized outcome measurements 
should be used to increase the ability for (inter)national comparisons. Next, recall bias, the 
mode of administration, proxy completion and other life-events could have influenced the 
outcome.
The results of this thesis resulted in several implications for research. Future studies 
should focus on educational level, and pre-injury health status and frailty. Those variables 
are essential for accurate predictions of trauma outcome and should be collected at 
hospitalization or at discharge in addition to the currently collected baseline variables. 
Next, to assure that the models are applicable to the wide variety of trauma patients, 
the collection of nonfatal consequences should be initiated in the trauma registry. Last, 
the models developed in this theses should be validated externally to support general 
applicability. The results of this thesis has also implications for health care and policy. The 
newly developed survival prediction model and health status models can be used for the 
evaluation of quality of trauma care. Also, the non-fatal prediction models could enable 
health care professionals to discuss potential psychological and physical problems with 
patients and refer patients to receive adequate care.
Recommendations
This thesis enables to formulate specific recommendations for researchers, policy makers 
and health care professionals who are working in the trauma field.
Recommendations Researchers Policy makers
Health care 
professionals
M
et
ho
do
lo
gi
ca
l
Use an adequate sample size with sufficient 
events per predictor variable for the 
development of a prediction model
X
Consider multiple imputation to deal with missing 
variables in registry dataset and maximize 
efficiency
X
Include continuous variables, if possible, in the 
prediction models to increase predictive ability X
Externally validate the prediction models for non-
fatal outcome in this thesis to assess predictive 
ability in a population that differs from the 
current study population
X
Ca
se
-m
ix
Include baseline characteristics of the patients in 
the cohort studies for better outcome prediction 
after trauma (e.g. health before injury)
X
Use prediction models with adequate adjustment 
for differences in case-mix for a fair evaluation of 
quality of trauma care
X X
Pay attention to high-risk groups for poor 
recovery X
O
ut
co
m
e 
m
ea
su
re
m
en
t Use the Euroqol Visual Analogue Scale and/
or Health Utility Index Mark 3 as outcomes for 
health status in a large heterogeneous trauma 
population
X X
Collect standardized variables that are widely 
used around the world to enable (inter)national 
comparisons and usability of the models
X X
Include non-fatal outcome in the evaluation of 
quality of trauma care X
El
ec
tr
o
n
ic
 m
ed
ic
al
 fi
le
Use variables that are readily available from the 
trauma registry, to avoid labor-intensive work X
Implement questionnaires in the electronic 
medical file, enabling health care professionals 
and patients to use them
X
Register all important information about patient 
and injury correctly in the electronic medical files 
(trauma-template)
X
Implement and use prediction models to discuss 
potential psychological or physical problems with 
patients and refer high-risk patients to receive 
adequate care
X X
Fu
nd
in
g
Provide funding for future research on recovery 
after injury or evaluation of trauma care to 
enable patient-centered care and increase the 
quality of trauma care.
X
Provide funding to accomplish the registration of 
additional patient characteristics and non-fatal 
outcome measures in hospitals
X
O
th
er
Be aware of and screen for possible psychological 
consequences after injury X
Implement and make use of multidisciplinary 
consultations X X
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Introductie
Trauma, een lichamelijk letsel als gevolg van een ongeval of val, is een wereldwijd probleem 
voor de volksgezondheid en is een belangrijke doodsoorzaak bij jongvolwassenen. 
Patiënt- en letselkenmerken kunnen in één model worden gecombineerd om uitkomst 
na trauma te voorspellen. Deze voorspelmodellen kunnen waardevol zijn voor medische 
onderzoeksdoeleinden en voor de medische praktijk, bijvoorbeeld voor zorgaanbieders, 
zorgverzekeraars, onderzoekers en beleidsmakers. De modellen kunnen uitkomsten 
vergelijken ter ondersteuning van de evaluatie van de kwaliteit van zorg tussen populaties, 
ziekenhuizen, regio’s of landen en worden vaak toegepast op populatiegegevens. Bovendien 
kunnen voorspelmodellen zich richten op de individuele patiënt die mogelijk een interventie 
nodig heeft. Het kan ondersteunen bij de besluitvorming en informatie geven die nuttig kan 
zijn voor communicatie tussen artsen en patiënten.
Als onderdeel van het inclusief traumazorgsysteem is in 2007 de Landelijke Trauma 
Registratie (LTR) geïntroduceerd om de kwaliteit van traumazorg in Nederland te meten en te 
verbeteren. De LTR verzamelt kenmerken van de patiënt en het letsel, opname gerelateerde 
variabelen en uitkomst na trauma van alle patiënten die binnen 48 uur na een trauma in 
een ziekenhuis worden opgenomen. Patiënten die bij aankomst in het ziekenhuis al zijn 
overleden, worden niet geregistreerd in de LTR. In 2017 werden ongeveer 79.000 patiënten 
in het ziekenhuis opgenomen en geregistreerd in de LTR vanwege trauma. Het sterftecijfer 
in Nederland is 2%, wat aangeeft dat 98% van de traumapopulatie overleeft.
Het hoofddoel van dit proefschrift is het evalueren, ontwikkelen en valideren van modellen 
voor het voorspellen van fatale en niet-fatale uitkomst na een trauma in Nederland. Het doel 
van dit proefschrift werd geoperationaliseerd volgens de volgende doelstellingen, verdeeld 
in twee delen:
I. Hoe kunnen we voorspelmodellen voor een fatale afloop na een trauma verbeteren 
en gebruiken?
a. Welke uitkomst voorspelmodellen zijn beschikbaar voor de evaluatie van 
traumazorg?
b. Zijn voorspellingen met de Trauma and Injury Severity Score (TRISS) geldig 
voor de evaluatie van de kwaliteit van  traumazorg  in de klinische Nederlandse 
traumapopulatie?
c. Hoe kunnen voorspellingen uit het TRISS-model worden verbeterd voor de 
evaluatie van de kwaliteit van traumazorg?
II.     In hoeverre kunnen we een niet-fatale afloop na een trauma voorspellen?
a.     Wat zijn voorspellende factoren voor de gezondheidstoestand na een trauma?
b.     Wat zijn voorspellende factoren voor psychologische problemen na een trauma?
c.     Wat zijn voorspellende factoren voor medische kosten en terugkeer naar werk?
Deel I: predictie van fatale uitkomst na trauma
Uit onze systematische literatuurstudie bleek dat er in totaal 258 verschillende modellen 
zijn om sterfte te voorspellen in de generieke trauma populatie. Het TRISS model wordt 
het meest gebruikt. Verschillende methodologische beperkingen zijn gevonden bij het 
ontwikkelen en valideren van deze modellen: (I) de studie populatie is niet altijd groot 
genoeg om een model te ontwikkelen, (II) patiënten met ontbrekende waarden bij de 
voorspellende variabelen worden vaak geëxcludeerd, (III) voorspellende variabele worden 
vaak opgedeeld in categorieën en (IV) niet alle variabelen worden standaard verzameld in 
de traumaregistratie.
Data van de traumaregistratie bevat vaak ontbrekende waarden. Verschillen in de 
imputatiemodellen zorgden voor andere uitkomsten bij het meten en vergelijken van 
kwaliteit van zorg. Een goede manier om hier mee om te gaan is multiple imputatie techniek. 
De inclusie van aanvullende variabelen, naast de predictoren van het model, zorgde niet 
voor betere geïmputeerde waarden.
Het TRISS model voorspelt mortaliteit goed in de gehele opgenomen Nederlandse trauma 
populatie, maar voorspelt mortaliteit slecht tot matig bij oudere patiënten. Dit kan eenvoudig 
verbeterd worden door comorbiditeit toe te voegen en leeftijd als een continue voorspeller in 
het model te includeren. Een nieuw model werd gepresenteerd, waardoor oudere patiënten 
met een geïsoleerde heupfractuur op eerlijke wijze kunnen worden meegenomen in de 
evaluatie van de kwaliteit van traumazorg.
Deel II: predictie van niet-fatale uitkomst na trauma
De functionele capaciteitsindex is een mogelijke voorspeller voor niet-fatale afloop, 
aangezien deze een klein deel van de variatie voorspelt voor de gezondheidstoestand 12 
maanden na het letsel. De combinatie van FCI-scores van meerdere letsels verhoogde echter 
niet het voorspellend vermogen om gezondheidsstatus te voorspellen 1 jaar na trauma. 
Andere factoren die van invloed zijn op de gezondheidstoestand bij traumapatiënten zijn: 
de gezondheidsstatus en mate van kwetsbaarheid vóór het trauma, leeftijd, geslacht, 
opleidingsniveau, ernstig hoofd- of aangezicht letsel, ernstig letsel aan de romp, totale 
letselernst, comorbiditeit en het aantal dagen opname in het ziekenhuis. De belangrijkste 
voorspellers zijn de gezondheidsstatus en mate van kwetsbaarheid voor het ongeval. 
Dit geeft aan dat de basisconditie van de patiënt essentieel is om te overwegen bij het 
voorspellen van de gezondheidstoestand na trauma. De EuroQol Visual Analogue Scale 
(EQ-VAS) en de Health Utility Index Mark 3 (HUI 3) zijn de beste uitkomstmaten (vergeleken 
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met de EQ-5 dimensies Utility score en de HUI 2), met een verklaarde variantie voor de 
modellen van respectievelijk 35% en 48%.
Psychologische problemen na trauma zijn een veel voorkomend gezondheidsprobleem. 
De prevalentie hiervan varieerde van 23% tot 14% na respectievelijk één week en twaalf 
maanden na het ongeval. Risicofactoren voor een slechte psychologische uitkomst zijn 
kwetsbaarheid, psychologische klachten en de afwezigheid van een betaalde baan 
voorafgaand aan het letsel, vrouwelijk geslacht en een laag opleidingsniveau.
Hoewel de meeste voorspellende factoren resulteerden in zowel hogere medische kosten 
als hogere productiviteitskosten, vertoonden sommige factoren verschillende effecten (bijv. 
geslacht en leeftijd). Naast medische kosten, moeten ook productiviteitskosten en terugkeer 
naar werk meegenomen worden bij de berekening van de economische impact van letsel. 
Voorspellende factoren kunnen helpen bij het identificeren van groepen met hoge kosten 
met potentieel wijzigbare factoren voor gerichte preventieve interventies, waardoor de 
kosten worden verlaagd en terugkeer naar werk wordt verhoogd.
Discussie
Het doel van dit proefschrift was om fatale en niet-fatale voorspelmodellen in de 
traumapopulatie te evalueren, ontwikkelen en valideren. Er is een nieuw overlevingsmodel 
ontwikkeld en gevalideerd, waarmee oudere patiënten met een geïsoleerde heupfractuur 
kunnen worden geïncludeerd in de evaluatie van de kwaliteit van de traumazorg. Sterfte 
blijft een belangrijke uitkomstmaat om de kwaliteit van traumazorg te beoordelen en te 
evalueren. Veel patiënten hebben fysieke en psychologische problemen na een trauma. Dit 
project ontwikkelde een model om de gezondheidstoestand na trauma te voorspellen voor 
de evaluatie van de kwaliteit van traumazorg. Ook is er een scorekaart voor psychologische 
problemen na trauma ontwikkeld. Basiscondities (vóór letsel) zijn essentieel om mee te 
nemen bij het voorspellen van niet-fatale uitkomsten. De voorspelmodellen kunnen 
gebaseerd zijn op eenvoudige klinische kenmerken die mogelijk ook ondersteunen tot de 
uitvoering van specifieke interventies in toekomstige studies en bij de communicatie tussen 
zorgverlener en patiënt.
Verschillende methodologische overwegingen werden besproken. Ten eerste, hoewel de 
onderzoekspopulatie generaliseerbaar was naar de Nederlandse klinische traumapopulatie, 
kan het zijn dat dit niet het geval is voor de generaliseerbaarheid naar internationale trauma 
populaties. Ten tweede moeten gestandaardiseerde uitkomstmaten worden gebruikt om 
internationale vergelijkingen mogelijk te maken. Daarnaast kunnen recall bias, de wijze van 
deelname (per post of digitaal), proxy deelname en andere levensgebeurtenissen invloed 
hebben gehad op de uitkomsten.
De resultaten van dit proefschrift resulteerden in verschillende implicaties voor onderzoek. 
Toekomstige studies moeten zich richten op kwetsbaarheid bij ouderen, opleidingsniveau en 
de gezondheidstoestand vóór het letsel. Deze variabelen zijn essentieel voor nauwkeurige 
voorspellingen van trauma uitkomsten en moeten worden verzameld bij ziekenhuisopname 
of bij ontslag. Daarnaast, zouden niet-fatale uitkomsten na trauma geïntegreerd kunnen 
worden in de traumaregistratie. Ten slotte moeten de in dit proefschrift ontwikkelde 
modellen extern worden gevalideerd om de algemene toepasbaarheid te ondersteunen.
De resultaten van dit proefschrift hebben ook implicaties voor de gezondheidszorg en 
het beleid. Het nieuw ontwikkelde overlevingsmodel en de gezondheidsstatusmodellen 
kunnen worden gebruikt voor de evaluatie van de kwaliteit van traumazorg. Ook kunnen 
de niet-fatale voorspelmodellen zorgverleners in staat stellen om mogelijke psychologische 
en fysieke problemen met patiënten te bespreken en patiënten door te verwijzen voor 
gepaste zorg.
Aanbevelingen
Dit proefschrift maakt het mogelijk om specifieke aanbevelingen te formuleren voor 
onderzoekers, beleidsmakers en zorgverleners die in traumazorg werken.
Aanbevelingen Onderzoekers Beleids-makers
Zorg-
verleners
M
et
ho
do
lo
gi
sc
h
Voor de ontwikkeling van een nieuw 
voorspelmodel moet de studiepopulatie 
groot genoeg zijn met voldoende cases per 
variabele
X
Overweeg multiple imputatie methoden 
om met missende waarden in registratie 
data om te gaan en de efficiëntie te 
maximaliseren
X
Includeer, indien mogelijk, continue 
variabele in de voorspelmodellen om het 
voorspellend vermogen te vergroten
X
Valideer de predictiemodellen voor 
niet-fatale uitkomst uit dit proefschrift 
extern om het voorspellend vermogen te 
beoordelen in een populatie die verschilt 
van de huidige studiepopulatie
X
Ca
se
-m
ix
Includeer basis karakteristieken van de 
patiënten in cohort studies voor betere 
uitkomstpredicties (e.g. gezondheid voor 
ongeval)
X
Gebruik adequate correctie voor verschillen 
in case-mix voor eerlijke vergelijkingen van 
de kwaliteit van traumazorg
X X
Besteed aandacht aan de risicogroepen 
voor slecht herstel X
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Aanbevelingen Onderzoekers Beleids-makers
Zorg-
verleners
M
et
en
 v
an
 u
it
ko
m
st
Gebruik de EQ-VAS en HUI3 als uitkomsten 
voor gezondheidsstatus in de grote 
heterogene trauma populatie
X X
Verzamel gestandaardiseerde variabelen 
die wereldwijd worden gebruikt om (inter)
nationale vergelijking en bruikbaarheid 
mogelijk te maken
X X
Neem niet-fatale uitkomsten op in de 
evaluatie van de kwaliteit van traumazorg
X
El
ek
tr
on
is
ch
 m
ed
is
ch
 d
os
si
er
Gebruik variabelen die direct beschikbaar 
zijn in de traumaregistratie om 
arbeidsintensief werk te voorkomen
X
Implementeer vragenlijsten in het 
elektronisch medisch dossier, zodat 
zorgverleners en patiënten deze kunnen 
toepassen en gebruiken
X
Registreer alle belangrijke informatie over 
patiënt en letsel correct in het elektronisch 
medisch dossier (trauma-template)
X
Implementeer en gebruik modellen om 
mogelijke fysieke of psychologische 
problemen van patiënten bespreekbaar 
te maken en hoog-risico patiënten door te 
verwijzen
X X
Fi
na
nc
ie
ri
ng
Verstrek financiering voor toekomstig 
onderzoek naar herstel na letsel 
of evaluatie van traumazorg om 
patiëntgerichte zorg mogelijk te maken en 
de kwaliteit van traumazorg te verbeteren
X
Verstrek financiering om de registratie van 
aanvullende patiëntkenmerken en niet-
fatale uitkomstmaten in ziekenhuizen te 
bewerkstelligen
X
O
ve
ri
g
Houd rekening met mogelijke 
psychologische gevolgen na trauma X
Implementeer en gebruik een 
multidisciplinair overleg X X
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“Alleen ben je sneller, samen kom je verder” - Dat geldt ook zeker zo voor de totstandkoming 
van dit proefschrift. Hoewel ik met veel plezier dit proefschrift heb mogen schrijven, heb 
ik dit gelukkig niet alleen hoeven doen. Allemaal hebben jullie in meer of mindere mate 
bijgedragen aan dit resultaat en aan vier leuke en leerzame jaren. Een aantal wil ik hiervoor 
in het bijzonder bedanken.
Mariska, je hebt echt hart voor het traumaonderzoek, en ik deelde graag je enthousiasme 
over al die ‘leuke’ analyses en ‘grappige’ resultaten. Bedankt voor alle mogelijkheden, ideeën 
en vrijheid die je me gaf tijdens dit onderzoek. Gelukkig stopt onze samenwerking hier nog 
niet en mogen we hopelijk nog tot fantastische resultaten komen in de komende maanden.
Suzanne, ik waardeer de manier waarop jij efficiënt, kritisch en met humor te werk gaat. Ook 
al was de afstand tussen ons wat groter, ik heb nooit het gevoel gehad dat je niet bereikbaar 
was. Jij had ook oog voor de toekomst en pushte me om er steeds meer uit te halen. Bedankt 
voor de erg fijne samenwerking.
Prof. dr. E.W. Steyerberg, Ewout, ook al zorgde je commentaar soms voor meer vragen 
dan antwoorden, je input heeft veel effect gehad op dit proefschrift. Ik bewonder je snelle 
denken en creatieve ideeën. Bedankt voor alle waardevolle feedback.
Prof. dr. G.M. Ribbers, Prof. dr. L.P.H. Leenen, Prof. dr. I.B. Schipper, leden van de 
beoordelingscommissie, hartelijk dank voor het kritisch lezen en beoordelen van dit 
proefschrift.
Beste co-auteurs, Maryse, Nancy, Danique, Daan, Charlie, Sandra, Marjolein, Koen en 
Juanita: bedankt voor jullie nuttige bijdrage en waardevolle feedback aan de totstandkoming 
van dit proefschrift.
Marc, Maureen en Nena, BIOS-team-genootjes. Gelukkig stonden we samen sterk bij al 
dat BIOS-geweld. Maar het resultaat mag er zeker zijn. Laten we nog eens iets gaan vieren in 
Tilburg op donderdagavond! Maureen, een bijzonder bedankje voor jou met het meedenken 
en schrijven van de eindeloze syntaxen wanneer ik door de bomen het bos niet meer zag, 
én voor het controleren van al mijn fantastische kleurcombinaties. Marc, wat fijn dat jij mijn 
paranimf bent!
Lars en Roos, bedankt voor de gezelligheid op congressen én in het ETZ. Veel succes met 
het afronden van jullie proefschrift. Yvette, bedankt voor al het geregel en de organisatie 
voor mij, de BIOS en kamer 7. Katinka, bedankt voor alle hulp met de traumaregistratie 
data én de gezelligheid in Valencia.
Zonder de deelnemende patiënten was er ook geen BIOS-studie geweest. Ik bedank alle 
Brabantse trauma patiënten voor het beantwoorden van onze vragenlijsten. Door jullie 
massale deelname, bedank ik ook gelijk al onze stagiaires en administratieve medewerkers 
voor de hulp.
Kamer 7-collega’s: Claudia, Eva, Hugo, Jeske, Johan, Maria en Marleen. Wat hebben we 
in korte tijd een grote bende kunnen maken van kamer 7. Ik mis nu alleen wel de eindeloze 
‘wat-eten-jullie-vanavond-gesprekken’. Eva, bedankt voor alle slechte grappen en koffie, 
wanneer doen we die borrel in Breda? Je weet het: treinen is… Marleen, hoe leuk was het 
om samen met jou heel kamer 7 in verwarring te brengen aan het einde van het jaar.
Hoewel (schoon)familie en vrienden waarschijnlijk niet direct ‘last’ hebben gehad van mijn 
promotie, wil ik ook jullie ontzettend bedanken voor al jullie enthousiasme, in het bijzonder:
Jolanda, een speciaal bedankje voor jou en je creativiteit. Ik ben ontzettend blij met het 
uiteindelijke ontwerp!
Fyrfad dames, Aniek, Sara, Lisa en Wai-Yan, hoewel volleyballen voor mij geen optie 
meer is, ben ik blij dat we ook andere gemeenschappelijke hobby’s hebben! Van jaarlijkse 
promotiefeestjes in de Heeg, naar deze promotiefeestjes, niks mis mee toch? Aniek, fijn 
dat jij mijn paranimf bent!
Jolien, ik zie de slingers voor jou als nieuw huisgenootje nog goed voor me: ‘hoera, een 
meisje!’. Bedankt voor het overlezen van mijn tekst. Laten we snel nog eens een memorabel 
avondje plannen.
Zeeuwse meisjes: Jojanneke, Marjolijn, Natasja, Stephanie en Susan. Van een 
proefwerk economie tot een tafeltje bij Herman.. samen zijn met jullie zorgt altijd weer 
voor legendarische momenten en sterke verhalen. Ik kan niet wachten op onze volgende 
avonturen. Bedankt voor alles.
Nancy, GJ, Tim, Do, Noah en Linthe, ik bof maar met een schoonfamilie als jullie. Bedankt 
voor al jullie interesse en gezelligheid!
Stephanie, Frederick, Sophie, Amelie, Gilles en Maxime. Bedankt voor de gezellige 
weekendjes weg, uitjes op het strand en etentjes op de Koewacht. José, wat fijn dat mijn 
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vader een vrouw als jou heeft getroffen! Bij jou is niks te veel en zijn we altijd welkom, 
bedankt daarvoor.
Wouter, wat ben ik blij dat jij mijn grote broer bent. Je was voor mij altijd een goed voorbeeld, 
en zelfs nu kan dat gezegd worden! Anne, ik wens jou alle succes met het afronden van je 
promotie. Dat er nog veel datumprikkers mogen volgen!
Papa, bedankt voor je onvoorwaardelijke steun en eindeloze vertrouwen. Ik weet zeker dat 
mama trots zou zijn op alles wat we hebben bereikt. Jullie hebben het mogelijk gemaakt dat 
ik alles onbezorgd kon ervaren, en daarmee hebben jullie wellicht het meeste bijgedragen 
aan dit proefschrift.
Lieve Roel, jij hebt me geleerd dat het af en toe ook even rustig aan kan. Ik ben echt enorm 
trots op je en ik kijk uit naar alles wat we nog samen gaan beleven, want met jou is alles 
leuker!
Bedankt!
Leonie
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Leonie de Munter was born on July 23, 1987 in Hulst, The Netherlands. After pre-university 
education (VWO) at the Reynaertcollege, Hulst in 2005, she started her academic training 
at the Eindhoven University of Technology (TU/e) in biomedical engineering. In 2010 she 
continued her training in Health Sciences, at Maastricht University. She followed the 
prevention and health track and earned her BSc degree in 2013.
Subsequently she obtained her MSc in Epidemiology at the same university in 2014. During 
her master, she was an intern at the Department of Epidemiology studying ‘Vitamin and 
carotenoid intake and risk of head-neck cancer subtypes in the Netherlands Cohort Study’.
In 2015 she started her PhD research focusing on prediction models of fatal and non-fatal 
outcome measurement in the trauma population in the ETZ-hospital (Elisabeth-TweeSteden 
Ziekenhuis), Tilburg. This research was performed in close collaboration with the department 
of Public Health, Erasmus Medical Centre, Rotterdam. Currently, Leonie is working as a 
researcher at the ETZ-hospital Tilburg.
274 275
PHD PORTFOLIOPHD PORTFOLIO
PHD PORTFOLIO
Name PhD student:
Erasmus MC Department:
PhD period:
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Leonie de Munter
MGZ
May 2015 – October 2019
Prof. dr. E.W. Steyerberg
Dr. S. Polinder
Dr. M.A.C. de Jongh
Year ECTS
1. PhD training
General courses
Good Clinical Practice en herregistratie, ETZ, Tilburg, NL
Scientific writing in English, ETZ, Tilburg, NL
Integrity Course, Erasmus MC, Rotterdam, NL
Microsoft Access 2010, ETZ, Tilburg, NL
Implementatie cursus, ZonMw, Den Haag, NL
2015+2019
2016
2017
2017
2018
1.2
0.5
0.3
1.0
0.2
Specific courses
Logistic Regression (ESP66), NIHES, Rotterdam, NL
Advanced Analysis of Prognosis Studies (EWP13), NIHES, Rotterdam, NL
Repeated Measurements (CE08), NIHES, Rotterdam, NL
Latent Class Analysis, UvT, Tilburg, NL
2015
2016
2017
2019
1.4
0.9
1.7
1.0
Seminars and workshops
Research meetings Brabant Injury Outcome Surveillance - Tilburg, NL
Research meetings Xperiment Trauma/Neuro TopZorg - Tilburg, NL
Discover your talents for your future Erasmus MC, Rotterdam, NL
How to start your PhD at Erasmus MC - Rotterdam, NL
Themabijeenkomsten Netwerk Acute Zorg Brabant - Tilburg, NL
Symposium ‘quality of hospital care’ at Erasmus MC - Rotterdam, NL
Symposium Dutch Trauma Registry, Utrecht, NL
Trauma TopZorg symposium, ETZ, Tilburg, NL
Symposia ISOQOL-NL, Utrecht, NL
2015 - 2018
2015 - 2017
2015
2015
2015 - 2017
2015
2015 - 2017
2015 - 2019
2018 - 2019
1.2
0.3
0.2
0.2
0.2
0.2
0.3
0.5
0.6
Year ECTS
Oral Presentations (inter)national conferences
Xperiment Trauma/Neuro meeting, Tilburg, NL
European Congress of Trauma & Emergency Surgery (ECTES), Bucharest, 
Romania
Wetenschapsdag, Tilburg, NL
European Congress of Trauma & Emergency Surgery (ECTES), Valencia, 
Spain
Dutch Epidemiology Conference (WEON), Bilthoven, NL
World Trauma Congress (WTC), San Diego, US (2 presentations)
International Society for Quality of Life Research Conference
(ISOQOL), Dublin, Ireland
20 jaar traumaregistratie, Utrecht, NL
2016-2017
2017
2017-2019
2018
2018
2018
2018
2019
2.0
1.0
2.0
1.0
1.0
1.5
1.0
1.0
Poster Presentations (inter)national conferences
Trauma TopZorg Symposium, Tilburg, NL
European Congress of Trauma & Emergency Surgery, Bucharest, Romania
Wetenschapsdag, Tilburg, NL
Dutch Epidemiology Conference (WEON), Bilthoven, NL
Society for Medical Decision Making (SMDM), Leiden, NL (2 posters)
World Congress of the International Society of Physical and Rehabilitation 
Medicine (ISPRM), Paris, France (e-poster)
International Society for Quality of Life Research Conference
(ISOQOL), Dublin, Ireland
International Society for Health Economics and Outcome Research 
(ISPOR), Copenhagen, Denmark (2 posters)
2015
2017
2017
2018
2018
2018
2018
2019
1.0
1.0
1.0
1.0
1.5
1.0
1.0
1.5
2. Teaching
Interns – Bachelor / Master Psychology 2016 - 2017 2.0
